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PRE FACE TO THE SECOND EDITION 

The rock and so i l  sampl es returned to earth by the crew of Apo l l o  1 1  are 
h i s tori ca l ly un i que  i n  two respects . Not on ly were they the fi rs t docu
mented rock samp l es returned from an extra-terrestri al  body , but they were 
a l so the subjects of the fi rst concentrated effort by the worl d ' s  sci enti fic 
corrmun i ty to fu l ly cha racteri ze  a s u i te of rock sampl es . 

Wi th the return of the Apo l l o  1 1  sampl es , a team of s c i enti s ts ,  the Pre
l iminary Exami nation Team ( PET ) * ,  was formed and gi ven the task of charac
teri z i ng the rocks and soi l s .  The i r task was to sort, cl as s i fy and descri be 
the samp l es so that they cou l d  be a l l ocated to an eager group of pri nci pal 
investi gators pri or to the return of Apol l o  1 2 .  Fi ve weeks after the 
sampl es were recei ved i n  the LRL,  the fi rs t Apo l l o  1 1  Sampl e Catal ogue was 
compi l ed and publ i shed . 

In June of 1 975, the Apo l l o  1 1  Re -exami n ati on Team was formed to compi l e  
data for a revi sed Apo l l o  1 1  Sampl e I nformation Cata l ogue .  The bas i c  a im  
of  th i s  group was to re -exam i ne the Apo l l o  1 1  sampl es app ly ing  the experi ence 
gai ned duri ng f�i ve subsequent m i s s i ons , document them ,  and publ i s h  thi s  
informati on al ong wi th h i s tori cal , chemi cal and age data i n  a revi sed 
catal ogue . 

The fi rst step in the re-exami nation proces s was a thorough search of al l 
ava i l ab l e  documentati on perta i n i ng to the early process i ng of the samp l es .  
Because of the short ti me al l otted to Prel i mi nary Exami nat i o n ,  th i s  type 
of i n formation was sketchy , at bes t ,  and for the mos t part, non-ex i stent .  
What i n formation cou l d  be obtai ned was summari zed i nto a samp l e  h i story 
for each generi c sampl e .  Du ri ng  th i s  part of the re-exami nation process 
any contami nati ng  condi ti ons that were pecu l i ar to a certai n  rock or group 
of rocks whi ch had been documented or cou l d  be i nferred , was compi l ed .  

Next, a l i sti ng of  the chemi ca l  and  age  data for each generi c s ampl e was 
compi l ed from analyses publ i shed as of June 1 976 . I n  i nstances where no 
chemi cal data wets a vail abl e ,  an a l l ocat ion from the sampl e was schedul ed 
so that  major el ement ana lyses cou l d  be obta i ned .  

Pri s ti ne s ampl es were exami ned in  a n i t rogen process i ng cab i net where they 
were dusted ,  photographed ( one to s i x  vi ews ) and descri bed wi th a bi nocu l ar 
mi croscope . An attempt was made to reconstruct the ori gi nal  rock (or a 
part of i t) from the rema i n i ng pri s ti ne pi eces and ex i sti ng documentation , 
and to l ocate these pi eces on photographs taken by the PET before spl i tt ing .  

In some cases thi s wa s successfu l ; i n  other cases , the l ow percentage of 
rema i n i ng sampl e and the l ack of rock subdi vi s i on photography made recon
structi on of the rock p ieces imposs i b l e .  Because the photographs taken 

*For defi n i ti ons of terms and acronyms , see Append ix  A .  
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duri ng the PET exami n ati ons were of dusty rocks , few pi eces coul d be 
"fi tted" i nto the ori gi nal rock photographs wi th any reasonable  degree of 
confi dence . 

Al l rocks l arger than 5gm . cu rrently stored i n  the Returned Samp l e  Labora
tory were exami ned i n  the s ame manner as above . Before these sampl es were 
repackaged, they were vi ewed by the �erson who made the bi nocul ar descri p
ti on of the pri st i ne s ampl es to i nsure consi s tency . 

Thi n sect i ons of the rocks were exami ned , des cri bed and photographed ,  and 
a modal anal ys i s  was performed .  

Th i s  catal ogue shou l d  serve as a reference and an a i d  i n  dea l i ng wi th the 
Apol l o  1 1  sampl e i tems wi th i n .  I t  shou l d  provide the user wi th al l of the 
i nformat i on avai l ab l e  as of June 1 976 . I t  i s  s i ncerely hoped that thi s 
revi sed edi tion of the Apol l o  1 1  Sampl e Information Catal ogue wi l l  prove 
to be useful unti l the pas sage of ti me and the advancement of sc i ence have 
made i t  obsol ete . 

Addi ti ona l  i n format ion concerni ng the Apol l o  1 1  samp les and thei r process i ng 
h i s tory may be found i n  the Curator ' s  fi l es . Especi al ly useful are the 
s ampl e  data packs that i nc l ude cons i derab l e  photograph i c  documentati on .  
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GENERAL MISSION INFORMATION 

The primary objecti ves of the Apol l o  1 1  mi s s i on were to l and men on the 
l unar su rface , to col l ect l unar materi a l s for study ,  and to return both 
crew and sampl es safely to earth . The crew of Apol l o  1 1  cons i s ted of 
Nei l A. Armstrong ,  Commander; Mi chael Col l i ns ,  Command Modu l e  P i l ot ;  
a nd  Edwi n E .  Al dri n ,  Jr . , Lunar Modu l e  P i l ot .  The fol l owi ng i s  a summary 
of the Apol l o  1 1  mi s s i on .  More deta i l ed i nformati on may be found i n  the 
Apol l o  1 1  Miss i on Report ( NASA SP -238 ) . 

The space veh i cl e  was l aunched from Kennedy Space Center,  Fl ori da , at 
08 : 32 : 00 a . m . , e . s . t . , July 1 6 ,  1 969 , and was i n serted i n to l unar orb i t  
approximately 76 hours l ater .  After a rest per i od ,  Armstrong and Al dri n 
entered the l unar modu l e  to prepare for des cent .  The command and servi ce 
modul es were then separated from the l unar modu l e  ( Eagl e) . Des cent orb i t  
i nserti on was performed at approximately 1 1 /2 hours after separati on and 
power descent to the l unar surface began approx imately l hour l ater .  

The Eagl e l anded i n  the Sea of Tranqu i l i ty at 3 : 1 7  p .m . , e . s . t . , J u ly  20  
( F i g .  1 ) .  The l andi ng s i te was on a gently sl op i ng mare j ust west of a 
young ray crater approximately 200 meters i n  di ameter ( Fi g .  2 ) . Duri ng 
the fi rst 2 hours on the surface , the as tronauts performed a postl and i ng 
check -out  of al l l unar modu l e  systems , ate the i r  f i rst mea l  on the moon 
and el ected to perform the surface operati ons earl i er than p l anned . 
Armstrong egressed through the forward hatch and dep l oyed the Modul ari zed 
Equi pment Stowage Assembly ( MESA ) , l ocated i n  the descent s tage . A camera 
i n  the MESA provided l i ve tel evi s i on coverage of Arms trong descendi ng 
the l adder to the su rface , wi th fi rst contact made at 9 : 56 p .m . , e . s . t . , 
Ju ly  20,  1 969 . Al dri n fol l owed soon thereafter ,  and both crewmen used 
the i n i ti al peri od on the su rface to become u sed to the reduced gravity 
condi t ions . The Conti ngency Sample was taken from the surface , and a 
tel evi s i on camera was dep l oyed so that most of the l unar  modu l e  was i n
cl uded i n  the fi el d of v iew ( Fi g .  2) . The crewmen took numerous photo
graphs , erected the U . S .  fl ag , and depl oyed the sc i enti fi c experiments, 
wh i ch inc l uded a sol ar wi nd detector , a pas s i ve sei smometer , and a l aser 
refl ector . Al dri n spent cons i derabl e ti me eva l uat ing  h i s  abi l i ty to 
operate and move about , and desp i te the l i mi tati ons imposed by the 
pressuri zed su i t, he was abl e to move rap id ly  and wi th confi dence . Appro
x imatel y 20 k i l ograms of rock and parti cu l ate materi al were col l ected to 
be returned to earth . The crew had spent a total of 2 hours and 1 4  mi nutes 
expl orati on time on the l unar surface . 

The ascent preparation was conducted , and the ascent stage l i fted off the 
s urface at 1 : 02 p .m . , e . s . t . ,  Ju ly  21 . After a rendezvous  sequence , the 
two spacecrafts were docked at 5 : 02 p . m . ,e . s . t . ,  Ju ly  2 1 . Fol l owing  
transfer of the crewmen ,  the  ascent stage was jetti soned , and the  command 
and serv i ce modul e  was prepared for trans-earth i nj ecti on .  The entry 



Fi g .I :  USAF l unar reference mos ai c s howi ng a l l 
Ap ol l o ,  Luna , Surveyor and Lunokhod l and
ing s i tes . Scale = 1 : 1 0 ,000 , 000 ( S -76-25839 ) 
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pha se wa s norma l ,  a nd the comma nd mod u l e  la nded i n  the Pa c i fi c Ocea n  
a t  1 2: 01 p . m . , e . s. t . ,  J u l y  24 .  

The  sa mpl es were retri ev ed from the s pa cecraft a fter recovery on boa rd 
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the U . S . S .  H ornet a nd were tra ns ferred i nto the Mob i l e  Q ua ra nt i ne Fa c i l i ty 
( MQ F). I ns i de the MQ F the sa mpl e conta i ners were encl osed i n  p la s ti c 
ba gs , to i nsure b i o l og i ca l  conta i nmen t ,  a nd were pa ssed to the outs i d e  of 
the MQ F through a s u rfa ce steri l iza ti on procedure a nd l ock .  The sa mpl es 
were f l own to J on s ton I s la nd where they were tra nsferred on boa rd two 
sepa ra te j et a i rcra fts for tra ns port to the Ma n ned Spa cecra ft Center a nd 
the Luna r Rece i vi ng La bora tory ( LRL ). One of the sa mpl e return conta i ners , 
the second box col l ected ( documented sa mpl e )  wa s on boa rd the fi rst a i r
cra ft to a rri ve  a t  E l l i ngton Ai r Force Ba s e ,  Hous ton , Texa s . The sa mpl e 
wa s ca rri ed  to the Luna r  Recei v i ng  La bora tory i n  a motor va n ,  a nd wa s i n
troduced i nto the Crew Reception  Area of the LRL . The second a i rcra ft 
a rri ved a t  E l l i ngton Ai r Force Ba se a few hours la ter wi th the fi rs t sa mp l e  
return conta i ner fi l l ed o n  the l una r  surfa ce ( b ul k  sa mpl e )  a nd wi th the 
conti ngency sa mpl e .  These sa mpl es were a l so brought to the L RL by motor 
va n a nd i n troduced i nto the Crew Recepti on Area . 

SAMPL E  COLLECTING  TOOLS AND CONTAINERS 

The Apol l o  1 1  crewmembers used the fo l l owi ng  sa mpl e- co l l ect ion too l s  a nd 
conta i ners to obta i n sa mpl es of the l una r  surfa ce .  The tool s  were des i gned 
of ma teria l rugged enough to do the j ob ,  yet l i ght enough to conform to 
the we i ght  a nd spa ce l i m i ta ti ons  of the l una r  modul e stowa ge a rea . The 
l imi ta ti ons  i mposed on the movements of a crewma n wh i l e  wea ri ng a 
p ressu riz ed s pa ce su i t  a l so ha d to be consi dered; therefore , the tool s 
were des i gned wi th qu i ck- d i sconnect fi tti ngs to ena bl e  the crewma n  to 
a tta ch or deta ch components wi th  a m i n i mum of di ffi cu l ty .  Knu rl ed or  
rou ghened a rea s were provi ded on ma ny too l s  to  improve the crewma n' s 
gra s p. Pr ime cons i dera ti on wa s g i ven to the se lecti on of the meta l s  

a nd l ub ri ca nts used i n  the  construct i on of the tool s to a vo i d  e l ements 
a nd i sotopes tha t  mi ght  contri bu te to serious geochem i ca l  conta mi na ti on 
( such  a s  l ea d , s tronti um , etc . ) .  

The two Apol l o  l una r  sa mpl e retu rn conta i ners ( ALSRC, Fi g .  3 )  w e re port
a bl e ,  sea la bl e  a l umi num conta i ners ; ea ch conta i ner wei ghed a pproxi ma te l y  
6 . 8  k i l og ra ms ,  m ea su red 20. 3x26. 7x44 . 5 centimeters a nd ha d a ca pa c i ty of 
0 . 023  cubi c meters . They were l i ned wi th Y ork sta i n l es s  steel mesh  a nd 
Tefl on . Pri or  to the l u na r  la ndi ng , these conta i ners hou sed the co re 
tubes a nd other rela ted equ i pment. On the l una r  surfa ce, the a strona u ts 
opened , fi l l ed ,  a nd cl osed the conta i ners . Three sea l s on the h i nged 
l i ds  ( one of  i nd i um a nd two of V i ton) preserved the sa mpl es i n  the 
va cuum envi ronment du ri ng  tra ns porta ti on ba ck to the Luna r  Recei v i ng 
La bora tory .  Upon retu rn to the L RL ,  rea di ngs were ta ken to determi ne 
the a tmos pheri c pressure i n s i de the sa mpl e conta i ner.  Both ALSRC' s  ha d 
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i nte rna l  pres su re� of 1 70 mi crons ;  proof a substa ntia l nega ti ve pressure 
wa s ma i nta i ned duri ng  tra nsfer of sa mpl es  from the l u na r  surfa ce ba ck  to 
ea rth . 

The ha mmer ( Fi g . 4 )  wa s ma de of tool steel su i ta bl e  for impa ct use . The 
hea d  wa s coa ted wi th va cuum- depo s i ted a l um i n um to m i n i m iz e  s o la r  hea ti ng .  
The ha ndl e wa s offset sl i gh tl y  so tha t the a s trona ut  cou l d  s tri ke a squa re 
bl ow despi te the encumbra nce of h i s  pres su riz ed s pa ce s u i t .  The end of 
the ha mmerhea d  oppos i te the stri k i n g  s u rfa ce wa s sha ped  fo r use a s  a 
p i c k  or ch i sel ; wi th the exten s i on ha ndl e a tta ched,  i t  cou l d be u sed 
so le ly  for dri v ing  the core tubes i nto the su rfa ce by s tri k i n g  the end 
of the extens i on ha ndl e. 

The tongs ( Fi g .  5 )  were ma de of a nodiz ed a l umi n um ( No .  606 T6 ) a nd were 
used to retri eve sa mpl es of pebbl e  s iz e  a nd la rger . Thi s  too l  cons i s ted 
of a set of o pposed,  spri n g-l oa ded fi ngers a tta ched to a 66-centimeter 
ha ndl e. The tongs were opera ted by squeez i ng  the ha ndl es  to a ctua te the 
ca bl e tha t opened the fi ngers . 

The ex tens ion  ha ndl e ( Fi g .  6 )  wa s used to i ncrea se the a s trona ut' s  rea ch 
by a dd ing  58 . 4  centi meters of  ha ndl e  l ength to va ri ous tool s .  The l ower 
end of the extensi on ha ndl e ha d a qu i ck-di s connect mount a nd l ock fo r tool 

a tta chmen t .  The upper end wa s fi tted wi th a s l i d i ng tee ha nd l e to fa cil i
ta te a ny torq u i ng opera ti ons . 

The la rge scoop ( Fi g .  7 )  wa s ma de of  a nodiz ed a l um i num ( No .  6061 T6)  a nd 
ha d a n  a ppea ra nce s imi la r  to the bucket of a powe r shovel . The s coop a nd 
i ts ha ndl e mea su red 39 . 4  centimeters , a nd cou l d be extended a n  a ddi t i ona l 
58 . 4  centimeters us ing  the extens ion  ha ndl e .  The la rge s coop wa s used 
in the l u na r  extra vehi cula r a cti vi ty to col l ect the bu l k sa mpl e .  

Two core tubes ( Fi g .  8) were ma de of a nodiz ed a l umi num ( No .  6061 T6)  a nd 
were used to obta i n sa mpl es from the l una r  surfa ce i n  a ma nner such  tha t 
a ny poss i b l e  nea r- surfa ce s tra ti gra phy wou l d  be preserved . The core tubes 
a re 41 . 3  cen ti meters l ong  a nd wou l d  be a tta ched to the exten s i on ha ndl e .  
Two tubes , ea ch conta i n i n g  a sa mpl e ,  were ca pped a nd pla ced i n  the docu
mented sa mpl e  return conta i ner . 

The conti ngency sa mpl e con ta i ner ( Fi g .  9 )  cons i s ted of a sma l l Tefl on ba g, 
resembl i ng a n  overs iz ed sa ndwi ch ba g ,  a nd a j oi n ted a l um i n um ha ndl e 

a pprox i ma te l y  84 . 5  centi meters l ong i n  i ts f i xed ex tended pos i ti on .  The 
ba g mea sured 5 . 2xl 2 . 7x l7 . 8  centimeters . The conti n gency sa mpl e conta i ne r  
wa s used to ob ta i n a l una r  sa mpl e  du ri ng  the ea r l y  s ta ges o f  the extra
veh i cu la r a ctivi ty .  Thi s sa mpl e wa s i ntended to p rov i de a t  l ea st a sma l l  

a mount of l una r  ma teria l for return to ea rth i f  i t  were necessa ry to 
termina te the surfa ce porti on of the mi s s i on ea rly . 



Fi g .  3 :  Sampl e Return Contai ner ( ALSRC )  
wi th Rocks 
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Figure4 :Hall1ller 

Figure 5 :Tongs 

-------------
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Figure 6 :Extension handle 

Figure ?:Large scoop 
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Fi g .  8: Core Tubes 
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F i g .  9 :  Conti ngency Sampl er 
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SAMP LE COLLECTI ON AND RET URN 

T he contingency sa mpl e wa s ta ken i n  f ul l  v i ew of the sequence ca mera j us t  
ou ts i de Q ua d  I V  of the l una r  modu l e  ( Fi g .  2 )  a nd too k a bou t 3 mi nutes 
35 seconds to col l ect . The sa mpl e  ba g wa s f i l l ed w ith  two scoops f or a 
tota l  of a pproxima tely l ki l ogra m. The a rea s s cooped ha ve been a ccura tely  
l oca ted on a pre-extra vehi cula r l una r  modu l e  wi ndow photog ra ph f rom study 
of the sequence f i l m  da ta. Both s coops i ncl uded sma l l  rock  f ra gments 
vi s i b l e  on  the surfa ce f rom the l una r  modul e w i n dows p ri or  to sa mpl i ng .  
The ha nd l e of the scoop a ppa ra tus  wa s shoved by Arms trong 15 to 20  centi
me ters i n to the surfa ce very nea r the a rea of the f i rs t  conti ngency s coop . 
The ea se of penetra tion i n  th i s  pla ce ma y be , i n  pa rt , a resul t  of d i stur
ba nce to the regol it h  by s coopi n g .  The cont i ngency sa mpl e conta i ner wa s 
s towed i n  a Beta- cl oth ba g during t he return tri p a nd a ccompa ni ed the 

a s trona uts to the Crew Reception Area of the LRL . 

The bul k sa mpl e  cons i st ed of 15 kg of rock a nd s o i l , l oa ded  i n to one of 
the ALS RC' s .  A tota l of 1 4  mi nutes wa s requ i red by Arms t rong to col l ect 
the bul k sa mpl e .  Fi ve minut es wa s spent sea l i ng the box . Arm strong went 
out of the tel evi s i on f i el d of v i ew three t i mes duri n g  b u l k sa mpl i ng ,  
twi ce to the l ef t  f or a tota l of 1 minut e  1 1  seconds a nd once to the r ight  

f or 35 seconds . Seventeen o r  18  s coop mot i ons  were ma de  i n  f u l l  v i ew of 
the tel ev i s i on ca mera , a nd a t  l ea st f i ve were ma de wit hi n  the f i el d v i ew 
of the sequence ca mera. The tota l  number of s coops wa s 22  or  23. N i ne 
tri ps ba ck  to t he MESA were ma de t o  empt y  the s coop . T he a vera ge number 
of scoop moti ons to f i l l  the scoop wa s t wo a nd one- ha lf. The AL S RC wa s 
sea l ed on t he l una r  su rfa ce a nd a ccompa ni ed t he a strona u ts i nto  t he MQ F 

a boa rd the U . S . S . Hornet . The bu l k  sa mp l e  AL S RC wa s f l own f rom t he MQ F 
to Ha wa i i where i t  wa s tra nsf erred to a ra nge i ns trumentat i o n  a i rcraf t 

f or tra nsf er to Hous ton . 

T he two core-tube sa mp l es were col l ected by Al dri n i n  5 mi nutes 5 0  seconds . 
3 oth were ta ken i n  the vi ci n i ty of the Sola r W i nd Compos i ti on Experiment . 

T he documented sa mpl e cons i st ed of a pprox ima tely  20 sel ected , but unphoto
g ra phed, g ra b  sa mpl es (a bou t 6 k i l ogra ms )  col l ected by Arm s trong i n  the 
f i na l  three a nd one- ha lf m in utes of the extra- veh i cu la r a cti v i ty .  Co l l ec
ti on of these s peci mens wa s ma de out t o  a di s ta nce of 1 0  t o  15 meters i n  

t he a rea south of the +Z-a x i s f ootpa d  nea r the ea s t  ri m of the la rge doubl e 
cra te r .  Arm strong wa s out of the tel evi s i on ft el d  of v i ew t o  the west 25 
percent of the t ime du ri ng th i s  a ctivi ty .  

The two core tubes were s i ng l e- la yered i n  the Documented Sa mpl e ALS RC a nd 
the con ta i ner wa s sea l ed on the l una r  surfa ce . 



After s pla shdown the ALS RC wa s fl own to J ons ton I s la nd where i t  a nd the 
m i s s i on fi lms were pla ced ab oa rd a C- 14 1  a i rcra ft a n d fl own to Houston . 

EARLY PROCESS I NG HIST O RY 
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T he Documented Sa mpl e ALS RC wa s tra ns ferred from the Crew Reception Area 
to the Sa mpl e La bora tory on J u l y  25 a nd i n troduced i nto the a tmos ph er i c  
deconta mi na ti on ca bi netry sys tem . T he sea l ed documented sa mpl e box entered 
the F-201 va cuum sys tem Ju ly  26 , wi th the F-201 c ha mber press u re a t  

a pproxima tely 7 x l 0-6 torr. T he b ox wa s opened a fter a n  unsu cces s fu l  
a ttempt wa s ma de to a na lyz e the atm os phere i n  the box by ma s s  spectro
metry th rough a prob e  i nserted i n  the box end . T he Luna r  Sa mpl e Pre
l i mi na ry Exa m ina ti on T ea m  ma de thei r i n i tia l  i ns pect i on of the box con 
tents a fter the T eflon ba g co nta i n i ng the sa mpl es ha d been cu t a nd pee l ed 
ba ck . ( Fi g .  3 ) A few hours la ter ,  the fi rs t roc k ,  sa mpl e 1 0003 , wa s 
se l ected for ga mma cou nti ng i n  the Ra dia ti on Cou nti ng La bora tory ( RCL ) . 

S ee Ta b l e  2 for a descri ption of the contents of th e Documented Sa mp l e  ALS RC .  

T he two core tubes a nd sel ected fines were next tra ns fe rred to the B i o
l ogi ca l  Prepa ra ti on La bora tory .  La ter, one of the co re tube sa mpl es , 
sa mpl e 1 0004, wa s opened a nd i n s pected a nd fou nd to ha ve a m i s s i ng ca p 

a nd the fo l l ower improperly i ns erted ,  b u t the sa mpl e wa s i n ta ct .  M ore 
deta i l ed  i nforma ti on concern ing  the core sa mpl es ma y be fou nd i n  the 
Luna r Core Ca ta l ogue ( Du ke a nd Na g l e ,  1 974 ) . 

T he Ga s Rea ction Cel l ( GRC)  wa s i ntended to be used  to determ i ne whether 
v i o l ent  rea cti ons occurred when l una r  ma teria l wa s exposed to va ri ous 
a tmospheri c ga ses . T he cel l wa s tra ns ferred to P CT L , b ut i ns pecti on  of 
the ce l l  in  the PCT L  i nd i ca ted tha t  the port cover ha d been b roken dur i ng 
ha ndl i ng ,  expos ing  the sa mpl e to ni trogen . T he rema i n i ng port i on of the 
ga s rea ct i on tes ts ( exposure to oxygen , ca rbon d i ox i de a nd wa ter va por ) 
wa s perfo rmed , a nd there wa s no a ppa rent cha nge i n  the sa mpl e .  

Du ring  subsequent sa mpl e descri pti on a nd spl i tt i n g  opera t i ons i n  F-20 1 , a 
l ea k  devel oped ra p id ly  i n  one of the g l oves , a nd the i n ters ti tia l  gl ove 
p res s u re went to a tmospheri c ,  b u t  the press u re i n  F-201 i s  be l i eved not 
to ha ve ri sen a bove a pprox ima te l y  2 centimeters of mercu ry . Sa mpl es  i n  
F-201 a t  tha t ti me were 1 001 7 ,  1 001 8 ,  1 001 9 ,  a nd 1 0020 . S ome other 
sa mpl es , not yet numb ered were i n  a va cuum bea ker tha t ha d two bol ts 
l oose ,  a nd other sa mp l es were sa fely  i n s i de va cuum-sea l ed bea kers tha t 
were properl y  sea l ed . I t  wa s neces sa ry to s teri l iz e  the enti re system 
wi th dry hea t  i n  order to repla ce the da ma ged g l oves wi thout v i ola ti ng 
the b i ol ogi ca l  conta i nment . After the gl oves were repla ced,  the sys tem 
wa s pumped down to opera ti ng pressures  a nd proces s i ng of the sa mpl es from 
the documented box wa s conti nued . Sa mpl e 1 0020 wa s removed from the 
va cuum sys tem a fte r s teri l iza t i o n ,  p la ced i n  a g la s s va cuum ja r, a nd 
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p la ced where i t  coul d be vi ewed by th e Luna r  Sa mpl e  Ana lys i s  Pla nni ng 
Tea m  a nd v i s i tors . 

The Bu l k  Sa m p l e ,  ALS RC ( #1 003 ) , conta i ned most of the rocks a nd f i nes re
turned f rom the Apol l o  l l  mi s si on. ( See Ta b l e  2 )  Th i s  sa mpl e box wa s 
tra nsf erred i nto the f i rs t  va cuum l ock  of the F-201 va cuum sv stem. 
bu t af ter the gl ove a cc i dent ( See p . l5 ) i t  wa s deci ded to use the n i tro
gen ca bi nets i n  the B i o l og i ca l  Prepa ra ti on La bo ra tory f or the open i ng a nd 
pr ocess i ng of the sa mpl es f rom the bul k box . 

The bu l k  box wa s tra nsf erred i n to the n i trogen a tmo sphere ca bi nets i n  the 
B i o l ogi ca l  P repa ra ti on La bora tory on Augu s t  2 .  The b ul k box sa mpl es were 
exami ned,  des cri bed , p hotog ra phed,  a nd chi pped i n  the B i ol ogi ca l  Prepa ra tion  
La bora tory ,  a nd ch i ps were tra nsf erred to  the  P CTL f or more deta i l ed des
cri ption . Mos t of the sa mpl es  f rom the bu l k box were ma i nta i ned i n  the 
n i trogen ca bi netry i n  the B i o l og i ca l  P repa ra ti on La bora tory unti l  the 
end of sa mpl e qua ra nt i ne . 

· 
The conti n gency sa mpl e wa s tra nsf erred f rom the Crew Recepti on Area to 
the PCTL on Ju l y  27 , where i t  wa s pla ced i ns i d e  the n i trogen a tmosph ere 
ca bi netry . The conti ngency sa mpl e wa s opened,  a nd a n  i n i tia l i ns pect i on 
of the sa m p l e  wa s ma de . The la rgest rock  f rom th e conti ngency sa mpl e ,  
sa mpl e  1 0021, wa s tra n sf erred to t h e  RCL .  Al l rocks a nd f ragments grea ter 
tha n  l cent imeter i n  s iz e  were removed f rom the conti ngency sa mpl e, a n d  
gi ven sa mpl e numbers ( See Ta b l e 2 ) . Mos t of the cont i n gency sampl e re
ma i ned w i th i n  the n i t rogen a tm os p here of the P CTL ca b i netry unti l the end 
of sa mpl e  qua ra nt i ne . H owever ,  the conti ngency sampl e conta i ner wa s ex
posed to ca bi n a tmosphere dur i ng s tora ge a nd tra ns porta t i on ba ck to ea rth .  
I t  wa s not opened , h owever . 
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TABLE  I - APOLLO 1 1  
G eneri c  Sam�l e Li s ti ngs wi th Ori gi na l  Wei gh ts 

Returned 
Sam� l e  # Ori gi nal Wt .  Des cri � ti on Contai ner 

1 0001 1 81 . 9  Fi nes ALSRC 1 004 
1 0002 5 62 9 .  Ro cks & F i nes ALSRC 1 003 
1 0003 21 3 .  Bas a 1 t ALS RC 1 004 
1 0004 44 .8  Core ALSRC 1 004 
1 0005 5 3 . 4  Core ALS RC 1 004 
1 0008 89 . Fi nes ALS RC 1 004 
1 0009 1 1 2 .  B recci a  ALSRC 1 004 
1 001 0 491 . Fi nes Cont .  Bag 
1 001 1 82 . 6  Fi nes ALS RC 1 004 
1 001 4 5 0 .  Fi nes ALSRC 1 004 
1 0015 . 396 Gas Reacti on Cel l ALSRC 1 004 
1 001 7 973 . Basal t  ALSRC 1 004 
1 001 8 2 1 3 .  Brecc i a  ALS RC 1 004 
1 001 9 297 . Brecci a  ALSRC 1 004 
10020 425 . Basa l t ALSRC 1 004 
1 0021  25 0 .  Brecc i a  Cont . Bag 
1 0022 95 .5 9 Bas a l t  Con t .  Bag 
1 0023 6 6 .  B recci a  Con t .  Bag 
1 0024 68 . 1 2  Basal t Con t .  Bag 
1 0025 8 .5 9  Brecci a  Con t .  Bag 
1 0026 9 . 3 Brecci a  Con t .  Bag 
1 0027 8 . 87 Brecci a  Cont .  Bag 
1 0028 3 .5 3  Brecci a Cont .  Bag 
1 0029 5 .5 3  Basa l t Con t .  Bag 
1 0030 1 . 81 Brecci a  Cont .  Bag 
1 0031 2 . 70 Basa l t Cont .  Bag 
1 0032 3 . 1 3  Basal t Co n t .  Bag 
1 0033 l .  1 2  Fi nes Con t .  Bag 
1 0044 247 .5 Basal t AL S RC 1 003 
1 0045 1 85 .5 Basal t AL S RC 1 003 
1 0046 663 . Brecci a  ALSR C 1 003 
1 0047 1 38 .  Basal t AL S RC 1 003 
1 0048 5 79 .  Brecci a  AL SRC 1 003 
1 0049 1 93. Basal t ALSRC 1 003 
1 005 0 1 1 4 .5 Bas a l t  ALSRC 1 003 
1 005 4 202 . 1  Fi nes ALSRC 1 003 
1005 6  1 86 .  Brecci a  AL S RC 1 003 
1 005 7  91 9. Basal t  AL S RC 1 003 
1 005 8 282 . Basal t ALSRC 1 003 
1 005 9 1 88 .  Brecci a  ALSRC 1 003 
1 0060 722 . Brecci a  AL S RC 1 004 

( cont ' d  next page) 
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( TABLE I -

Sa mp l e  # 

1 006 1  
1 006 2 
10063 
10064 
1 006 5 
1 0066 
1006 7  
10068  
1006 9  
10070 
10071 
1 0072 
1 0073 
1 0074  
10075 
10082 
10084 
1 0085 
10086 
10087 
1 0089 
10090 
1 009 1 
1 0092 
1 0093 
1 0094 

cont' d ) 
Ori gi na l  Wt. Des crip t i on 

346 . Breccia 
78 . 5  Ba sa l t 

148. B re ccia 
6 5 .  B reccia 

347 . Br ecc ia 
40 . B reccia 
6 9 . 3  B reccia 

218 .  Breccia 
1 1 9 . 5  Ba sa 1 t 
64 .  B reccia 

189. 5  Ba sa l t  
447 . Ga bbro 
1 24 . 5  B reccia 

55 . 5  B reccia 
5 3 .  B reccia 
50 . 5  B reccia 

3830 .0  F i nes 
56 9 . 0  F i nes  
823 . 0  F i nes 

1 7 . 4 Ch i ps a nd 
50 . Fi nes 
1 2 .  F i nes 
23.9 B reccia 
46 . 0  Ba sal t 
26 . 0  B reccia 
2 5 . 0 B recc ia 

TOTALS 

l ) Conti n gency Sa mpl e . .. . . ... . . . . .  .. 
2 ) ALSR C 1003 . . . . . .. . . . . . . . . . . .. . . .  . 

3 ) ALSR C 1 004 . . ... . . . . . . . . . . . . . . . .  . . 

4 ) ALS R C  1 004 . . • • • . . . . . . • . . • • . . . • • . .  

Fi nes 

1 01 5 . 2 9  gm 
1 4897 . 4  gm 

'iR?4.fl q m 
98 . 596 gm 

TOTAL AP -1 1  SAMPLE R ETUR NE D  . . . . . .  ?. 1 :nfi. nRfi am 

R eturned 
Conta i ner  

ALSR C 1 004 
ALSR C 1 004 
ALSR C 1004 
ALSR C 1 004 
ALSR C 1 004 
ALSR C 1 004 
ALSR C 1 004 
ALSR C 1 004 
ALSR C 1 004 
ALSR C 1 004 
ALSR C  1 004 
ALSR C 1004 
ALSR C 1 004 
ALSR C 1 004 
ALSR C 1004 
ALSR C 1004 
ALSR C 1 003 
ALSR C  1 003 
ALSR C 1 003 
ALSR C 1 003 
ALSR C  1 003 
ALSR C  1 003 
ALSR C 1 003 
ALSR C 1 003  
ALSR C 1 004 
ALSR C 1 004 



TAB LE 2 

Con tents of Sa mp l e Col l ection a nd R eturn Conta i ners 

ALSR C 1 004 

Core Tube #2 
Core Tube #l 
Ga s R ea cti on Cel l 

Loose Fi nes 

Loose R ocks  

Ba sa l t , coherent 
B reccia , friab l e  
Ba sa l t ,  coherent 
B reccia , tough 
B reccia , tou gh 
Ba sa l t ,  co herent 
B reccia , tough 
B reccia , friab l e  
Ga bbro , coherent 
B reccia , tou gh 
B reccia , mod . coherent 
B reccia , tou gh 
B reccia , mod . fria b l e  
B reccia , tough 
B reccia , tou gh 
Ba sa l t , fria b l e  
B reccia , mod . fria bl e 
Ba sa l t ,  fria b l e  
Ga bbro , fria b l e  
B reccia , f ria bl e 
B reccia , tough 
B reccia , tou gh 
B reccia , mod . coherent 
B reccia , coherent 
B reccia , coher·ent 

TOTAL ALSR C l 004 

Net Sa mp l e  W t . (gms ) 

44 . 8  
53 . 4 

0 . 396 

403 . 5  
( Comb i ned ) 

2 1 3 . 0 
1 1 2 . 0  
973 . 0  
2 1 3 . 0  
297 . 0  
425 . 0  
722 . 0  
346 . 0 

78 . 5 
1 48 . 0  
6 5 . 0  

347 . 0  
40 . 0  
6 9 . 3  

2 1 8 . 0  
1 1 9 . 5  
6 4 . 0  

1 89 . 5  
447.0 
1 24 . 5  

55 . 5 
53 . 0 
50 . 5  
26 . 0  
25 . 0  

5923 . 396 gms 

Sa mp l e Numbers 

l 0004 
1 0005 
l 001 5 

l 0001 
l 0008 
l 001 1 
1 00 1 4  

1 0003 
l 0009 
1 00 1 7  
1 00 1 8  
1 00 1 9  
1 0020 
1 0060 
1 006 1 
1 0062 
1 006 3 
1 0064 
1 006 5 
1 0066 
1 0067 
1 006 8 
1 006 9 
1 0070 
1 007 1 
l 0072 
1 0073 
l 0074 
1 0075 
1 0082 
l 0093 
1 0094 

1 9  
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( TAB LE 2 - cont' d) 

ALSR C 1 003 

Loose Fines 

Loo se R ock s 

Ba sa lt, fri a b  1 e 
Ba sa lt , coherent 
Breccia , Mod. fria b l e 
Ba sa lt , Mod . fria b l e  
B reccia , coherent 
Ba sa lt ,  fria bl e 
Ba sa lt , Mod . co herent 
B reccia , t oug h  
Ba sa lt ,  cohe rent 
Ba sa lt ,  fria b l e  
B reccia , fria b l e  
Ba sa lt ,  t oug h  

TOTAL ALSR C  1 003  

Cont i ng ency Sa mp l e Bag 

Loose F i nes 

Loose R ocks 

Breccia , t oug h  
Ba sa lt ,  coherent 
Breccia , t oug h  
Ba sa lt , fria bl e 
Breccia , s l ig ht l y fria bl e 
B reccia , t oug h  
Breccia , t oug h  
Breccia, Mod .t oug h  
Ba sa lt ,  coherent 

Net Sa mp l e Wt . (gms) 

5629 . 
202 . 1  

3830 . 0  
56 9.0 
823 . 0  

1 7.4  
50.0 
1 2 . 0  
23 . 9  

247. 5 
1 85.5 
663.0 
1 38 . 0 
579.0 
1 93 . 0  
1 1 4 . 5  
1 86 . 0  
91 9. 0  
282 . 0  
1 88 . 0  

46 . 0  

1 4897 . 4  

492 . 1 2  
( Comb i ned) 

250 . 0  
95. 59 
66 . 0  
6 8 . 1 2  

8 . 59 
9 . 3  
8 . 87 
3 . 53 
5 . 53 

( cont' d next pag e) 

Sa mp l e  Numbers 

1 0002 
1 0054 
1 0084 
1 0085 
1 0086 
1 0087 
1 0089 
1 0090 
1 0091 

1 0044 
1 0045 
1 0046 
1 0047 
1 0048 
1 0049 
1 0050 
1 0056 
1 0057 
1 0058 
1 0059 
1 0092 

1 001 0 
1 0033 

1 0021 
1 0022 
1 0023 
1 0024 
1 0025 
1 0026 
1 0027 
1 0028 
1 0029 



( TABLE 2 - cont' d) 

( Loose R ocks , cont' d) 

Breccia , tougl1 
Basa 1 t, coh e ro� nt 
Ba sa l t ,  coh e re nt 

TOTAL CONTI NGE NCY S AMP LE 

TOTAL M ISSI ON 

Net Sa mp l e  W t . ( gms) 

l .  81 
2 . 70 
3 . 1 3  

101 5. 2 9  

218 36 . 086 

Sa mp 1 e Numbers 

1 0030 
1 0031 
1 0032 

21 
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PR OCES S I NG LABOR ATOR IES 

V ACUU M LABOR ATOR Y ( F-201 ) 

Fi g u res 1 0  a nd l l  s how deta i l ed vi ew s  of  the va cuum sys tem used i n  proces s i n g  
the sa mpl es  ret u rn ed i n  ALSR C #1 004, the Documented Sa mpl e Conta i ner  ( see 
Ta b l e  2 ). The sys tem wa s used fo r sa mpl e  photogra phy , mi cro s cop i c exa mi na
ti on , sa mpl e w ei gh t  determi na ti ons ( bea m ba la nce ) a nd ga s a na l ys i s . The 
ca bi net wa s kept under ha rd ( 0 . 1 33 mN/m2 or 1 0-6 torr) va cuum . 

Upon enter i n g  the a tmospheri c s teri l iza tion  ca binets , the ALSR C wa s s ub
j ected to a n i trogen purge , then wa shed �li ce i n  a pe ra ceti c a ci d  so l ut i on 

a nd rin sed tw i ce w i th dei oniz ed wa ter .  Thi s wa s repea ted before the con
ta i ner  wa s dried w i th hot n i trogen . Th i s  procedure wa s repea ted for i tems 
l ea vi ng the sys tem . 

Upon remova l from the ALSR C conta i ner ,  sa mpl es w ere w e i g he d ,  brushed off , 
photogra phed , p la ced i n  va cuum conta i ners a nd stored i n  the sa mpl e  ca rou s el . 
The ca rousel wa s kept cl osed off from the ma i n  cha mber , to p revent conta mi n
a ti on of  a l l  sa mpl es du ri ng a poss i b l e  gl ove ruptu re . The sa mpl e ca rous e l  
cou l d  b e  deta ched from the g l ove cha mber, a nd wa s i n tended t o  b e  kept 
under i ts ow n va cuum i ndefi n i tely. 

Duri ng  the proces s i ng of  the sa mples , a l ea k  devel oped i n  one o f  the g l o ves  
ca u s i n g  the i nters ti tia l  gl ove to  go to  a tmos pheri c pres s u re .  H ow ever ,  
the pressure i ns i de F -201 wa s bel i eved not to ha ve ri sen a bove 2 e m . of 
mercury .  Sa mpl es  i n  F-201 a t  the time w ere 1 001 7 ,  1 001 8 ,  1 00 1 9 ,  a nd 1 0020 . 

B I O LOGI CAL PR E PAR ATI ON LABOR ATOR Y  ( B ID -PR EP )  

The B i o-Prep La b cons i s ted of severa l  g l ove ca bi nets , connected together 
a nd fi l l ed w i th n i trogen ( Fi g .  1 2 ) . 

The B i o -Prep  La b wa s not ori g i na l ly go i ng to be used to  process  sa m p l e s  
other tha n  for b i o l og i ca l  ex periments , but d u e  t o  the g l ove rupture i n  
F- 201 ,  the sa mpl es conta i ned i n  ALSR C 1 003 , the Bu l k  Sa mpl e  Conta i ne r ,  

w ere processed i n  the B i o-Prep  La b .  

PHYS I CAL CHE� I CAL TESTI NG LABOR ATOR Y  ( P CTL ) 

P CTL wa s used for the petrog ra ph i c  study a nd chem i ca l  a na l yses of sma l l  
subsa mp l es. I t  cons i s ted of s ix n i trogen a tmosphere proces s i ng ca b i nets 
tha t housed a n  X -ra y di ffra ctometer ,  X -ra y f l u orescence a na l ys i s  un i t ,  a n  
opti ca l  omm i s i on spectrogra ph ,  a nd three petrogra phi c mi c ros copes . There 

wa s l i ttl e contro l  over ex tra neous ma teria l s ,  s i nce o n l y  sma l l  sa mpl es w ere 
ha ndl ed i n  thi s ca bi net sys tem a nd ma te ria l s  su ch a s  refra cti ve i ndex o i l s  

w ere kept i ns i de the ca bi nets . 
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Fi g .  1 1 :  F-201 Syst em 
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NASA-S-67-693 

BIOLOGICAL CABINETRY 

DECON BATH 

Fig . 1 2: B i o-Prep Lab 

PHYSICAL-CHEMICAL TEST LAB 

FILTER 
CANISTER 

EXAMINATION 
CABINET AUTOCLAVE 

Fi g .  1 3 :  Phys i cal -Chemi cal Test  Lab . 
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At fi rst ,  sample  spl i ts removed from rocks i n  the F-201 and B i o-Prep 
Labs , were exami ned and analyzed i n  PCTL . Later i n  the mi s s i on pro
ces s i n g ,  the Conti ngency Sampl e was transferred to  PCTL for i n i ti al photo
graphy and descri pti on . Early pri nci pal i nvesti gator a l l o cati ons were 
made i n  PCTL . 

SAMPLE PACKAGING LABORATORY ( SPL ) 
The Samp 1 e Pacl<agi ng Laboratory was set up during Apol l o  1 1  to process 
samp l es for d i s tri buti on to Pri n c ipal I nvesti gators after the prel im in ary 
exami nati on  work was compl eted . 

Al l ch i pp i ng  and other rock spl i tting operati ons ( except saw i ng ) were 
performed i n  ni trogen process ing  cabi nets s imi l ar to the present SSPL . 
Rock sawi ng was accompl i shed on a wi resaw i n  open ai r .  Duri ng  sawi ng 
operations , sampl es were handl ed by stai n l ess steel tongs , tefl on over
gl oves , and bare hands� 

SAMPLE STORAGE AND PREPARATION LABORATORY (SSPL ) 
SSPL i s  the pr•:sent sampl e process i ng l aboratory .  Al l sampl es processed 
i n  th i s l ab are done so i n  a ni trogen atmosphere . Any sampl e pl aced i n  
s torage or  sent to a pri nci pal i nves ti gator mus t have three l evel s of 
protecti on . Thi s usual ly consti tutes a hard conta i ner, and two teflon 
bags , al l three sea l ed i n  ni trogen . 

Rock sawi n g  i s  presently accompl i shed us i ng a cl eaned , ni trogen atmos 
phere bandsaw as opposed to an open-ai r wi resaw . Thi s  l aboratory has 
been used to p·repare al l pri sti ne  Apol l o  l l  sampl es subsequen t  to the 
i ni ti a l m i ss ion processi ng .  

RETURNED  SAMPLE PROCESSING LABORATORY ( RSPL ) 
RSP L  i s  set up to process sampl es that have been returned by pri nci pal  
i nvesti gators . Most sampl es are exami ned and repackaged in a i r  on a 
l ami nar fl ow benc h .  Al l sampl es must have three l evel s of protecti on 
before storage . 

Some samp les i n  RSPL are processed i n  ni trogen g l ove cabi nets . These 
are usual ly retu rned di spl ay sampl es, wh i ch are cand idates for trans fer 
to SSPL pri sti ne storage. 

THI N  SECTION L.�BORATORY (TSL ) 
For Apo l l o  1 1  many of the th i n  secti ons were produced i n  the l aboratories 
of princi pal i nvesti gators . The curator ' s  offi ce presently h as fac i l i ti es 
*Personal co�rnu�i catio� \·;it� J . :: . To�·!�sc�c 
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for produc ing th i n  secti ons for both the curator's l i brary ,  and for 
pri nci pal i nvesti gators upon reques t .  

Information concern i ng procedures and materi a l s  used i n  the Thi n Sect i on 
Laboratory may be obta i ned from the Curator .  

GEOLOGI C  S ETTI NG ( from LSPET , 1 969 )  

Apol l o  1 1  l anded approximatel y 20  k i l ometers south-southwest of  the 
crater Sab i ne D i n the sou thwestern part of Mare Tranqu i l l i tati s .  The 
l andi ng s i te i s  4 1 . 5  k i l ometers north -northeast of the eastern promon
tory of the Kant Pl ateau , the nearest hi g h l and reg i on .  Apol l o  1 1  l anded 
approximately 25 k i l ometers south-sou theast  of the Surveyor V Spacecraft 
l andi ng si te and 68 k i l ometers southwest  of the crater formed by the 
Ranger VI I I  impact .  

The southern part of Mare Tranqu i l l i tati s i s  crossed by rel ati vely 
fai nt  north -northwest trendi ng rays , and promi nent secondary craters 
associ ated wi th the crater Theoph i l us ,  420 k i l ometers southeast of the 
l anding s i te .  About 1 5  k i l ometers west of the l and i ng s i te i s  a fai rly 
promi nent north -northeast trendi ng ray . The crater w i th whi ch thi s ray 
i s  as soci ated i s  not defi n i te ly  known , but  i t  may be Al fraganus , 1 60 
ki l ometers to the southwest ,  or Tycho , about 1 500 k i l ometers to the 
southwest. Nei ther the north -northeast nor any of the north-northwest 
trendi ng rays cross the l andi ng s i te .  They are suffi c i ently  c l os e ,  how
ever, that i t  i s  poss i bl e  that some materi al from Theoph i l u s ,  Al fraganus , 
or Tycho occurs i n  the vi ci n i ty of the l unar modul e .  Other di stant craters , 
espec i a l ly  the crater Mol tke whi ch l i es 40 k i l ometers to the southeast , 
may a l so  be the source of fragments ly ing  near the l unar modu l e .  Some 
potenti al di s tant sources of fragments are i n  the h i g h l ands and some i n  
the mari a .  

A hi l l  of terra materia l  protrudes above the mare su rface 5 2  k i l ometers 
eas t-southeast of the l andi ng s i te .  Th i s  suggests that  the mare materi al 
i s  very th i n  i n  th i s  regi on , perhaps no more than a few hundred meters 
thi ck . Craters more than a k i l ometer acros s ,  such as Sab i ne D and 
Sabi ne E, may have been excavated partly i n  pre-mare rocks . Pre-mare 
rock fragments ejected from these craters may occur i n  the vi c i n i ty 
of the l unar modul e .  
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The maj or topograph i c  features i n  the l andi ng  area a re l arge craters a 
few hundred mE:ters across , fou r of wh i ch are broad subdued features and 
the fi fth i s  Wes t Crater ,  l ocated 400 meters east of the l andi ng po i nt .  
Wes t Crater i s  a sharp-ri mmed , rayed crater about 1 80 meters i n  di ameter 
and 30 meters deep w i th a b l ocky -ejecta apron extendi ng a l most symetri 
cal ly  ou tward to a d i s tance of about 250 meters . Rays of b l ocky ejecta 
extend further west , probab ly past the l andi ng s i te .  Near the l unar 
modul e ,  the surface is pock-marked by numerous smal l  craters and strewn 
wi th fragmental debri s, part of whi ch may have been deri ved from West 
Crater . A boul der fi e l d  north of the l unar modu l e  ( descri bed by the 
crew and shown i n  photographs taken by the crew ) i s  probabl y part of a 
bl ocky ray . 

Al l of the craters i n  the i mmed i ate v i c i n i ty of the l unar modu l e  have r ims 
and fl oors of rel at ive ly fi ne-grai ned materi al  and appear to be excavated 
ent i re ly  i n  the regol i th .  A pi l e  of b l ocks and coarse rubbl e forms a 
pea k  on the fl oor of the 33-meter crater east of the l unar modu l e  but the 
wal l s  and ri m of th i s  crater have the same texture as the regol i th e l se
where . West Crater i s  about 30 meters deep and has a coarse b l ocky ri m .  

Among the sma"ll er craters , both s harp rai sed-rim craters and  re l ati vel y 
subdued crate1rs are conmon . They range i n  s i ze from a few centi meters 
to 20 meters . A s l i ght ly subdued , ra i sed-r i m  crater ( Armstrong ' s  70- to 
80- foot crater) 33 meters i n  d i ameter and 4 meters deep occurs about 60 
meters east of the l unar modu l e ,  and a doub l e  crater ( Armstrong ' s  doubl et ) ,  
abou t 1 2  meters l ong and 6 meters wide , l i es 1 0  meters southwest of the 
l unar modu l e  at 260° azi mu th .  

The wal l s  and fl oors of most of the craters are smooth and uni nterrupted 
by ei ther outcrops or conspi cuous strati fi cati on .  There are rocks pre
sent i n  the 33-meter crater th at are l arger than any of those seen on the 
surface i n  th1� v i c i ni ty of the l unar modul e .  W ith thi s  exception ,  there 
i s  no apparent corre l at ion  between the l ocat i on of b l ocks and the smal l er 
craters near the l u nar modu l e . 

The surface of the mare near the l andi ng s i te i s  unusual l y  rough . Tel e
v i s i on pi ctures show a greater abundance of coarse fragmental debri s than 
at any of the four Surveyor l andi ng s i tes on the mari a except that of 
Surveyor I .  It i s  l i ke ly  that the observed fragments and the sampl es re
turned to earth have been deri ved from vary i ng depths beneath the ori g i nal  
mare su rface and have had widely d i fferent h i s tori es of exposure on the 
l unar surface . 

The l unar modu l e  footpads penetrated a maxi mum of 7 to 8 centi meters . The 
astronau t ' s boots l eft pri nts genera l l y  from 3 mi l l i meters to 2 to 3 cent i 
meters deep . As the astronauts wa l ked ,  they noted that the i r  boot tread 
was preserved i n  the i r  footpr i nts , and that angl es of 70 degrees were mai n-
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ta i ned i n  the pri nt wal l s .  The surface , where d i s turbed by wa l k i ng ,  tended 
to break i nto s l abs , cracki ng out as far as 1 2  to 1 5  centi meters from 
the edge of footpri nts . 

The regol i th i s  wea k  and rel ati vely eas i ly trenched to depths of several 
centi meters . Surface materia l  was eas i ly di s l odged by k i ck i ng .  Before 
the l unar modu l e  l anded, at an al ti tude somewhat l es s  than 30 meters. du st 
was observed mov i ng  away from the center of the descent-propu l s i on-system 
b 1 as t .  

When the fl agpol e and dri ve tubes were pres sed i nto the surface , they pene
trated wi th ease to 1 0  to 1 2  centi meters . However, at that depth the 
rego l i th was not s trong enough to hol d the core tubes upri ght.  A hammer 
was needed to dri ve them to depths of 1 5  to 20 centi meters . *  At pl aces , 
rocks were encountered by the scoop and by the var i ous tubes and rods 
pres sed i nto the subsurface . 

Coarse fragments i n  the v i ci n i ty of the l unar modu l e  exh i bi ted a wide 
vari ety of shapes and were embedded in  varyi ng degrees in  the fi ne mat 
of the regol i th ( Armstrong , comment ) . Armstrong took ti me duri ng the 
tel evi s i on panorama to po i n t  out severa l  rocks west of the tel ev i s i on 
camera , one of wh i ch was tabu l ar and standi ng on edge,  protrudi ng 30 
centi meters above the surface . Duri ng the postmi ss ion  debri efi ng , Armstrong 
descri bed another rock  as resemb l i ng a d i stri butor cap . When di s l odged , 
the cap was found to be the exposed top of a much l arger rock ,  the buri ed 
part of whi ch was much l arge r  and more angu l ar i n  form. Strewn fi el ds of 
angu l ar b l ock s ,  many more th an one-ha l f  meter l ong occur north and west 
of the l unar modu l e .  I n  general , the rocks col l ected tended to be 
rounded on top and fl at or angul ar on the bottom. 

The strength of rock fragments ranged from fri a b l e  to hard ,  and was 
d i ffi cu l t for the crew i n  s ome cases to di sti ngui sh  aggregates or cl ods 
of fi ne debri s from rocks . Armstrong sugges ted that West Crater was the 
s ource for these bou l der fie l ds and may be the source for any of the 
rocks i n  the i mmedi ate vi ci n i ty of the l unar modu l e .  

SAMPLE SURFACE DOCUMENTATION 

An attempt was made by PET members to l ocate and document Apo l l o  1 1  
s ampl es i n  EVA photograph s .  H owever, because of the time constrai nts 
p l aced on the as tronauts ,  very few photographs were taken of s ampl es as 
they l ay on the l unar surface . Subsequently, tentative i denti fi cation of 
s ome s ampl es were made from photographs taken from the LEM v i ewports . 

*I t was subsequently determi ned that the des i gn of the core b i t  l ed to 
the j ammi ng  of materi al i n  the core . The b i ts were subsequently re
des i gned for greater penetrati on . 



The Apo l l o  1 1  pre l i mi nary sci ence report ( NASA SP-2 1 4 )  documents what 
data and photographs were a vai l abl e ,  bu t offers l i ttl e concrete proof 
of documented samp les  as they 1 ay on the 1 unar s urface . 

PETROLOGY 
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A total of 48 'rocks were returned al ong wi th fi nes materi al  i n  the three 
samp l e  retu rn contai ners . P i eces smal l er than l Omm are cl as s i fi ed as fi nes . 

SURFACE FEATURES 

Duri ng prel i mi nary exami nation one surface feature of the rocks that was 
most noti ceab 1 E! was the roundi ng of one or more edges and corners . Many 
of the rocks had one fl at surface , wi th the remai n i ng s i des rounded . Th i s  
round i ng appeared to b e  more pronounced i n  th e softer ,  more fri ab l e  
brecc i as than  in the crysta l l i ne rocks ( LSPET , 1 969 ) . 

Two other types of  surface features occur  on the Apo l l o  1 1  rocks . These 
are g l ass - l i ned p i ts and g l assy spatters not necessari l y  associ ated w ith 
pi ts . 

Most  gl as s - l i n e�d p i ts are l ess than one mi l l i meter i n  di ameter, but 
they have been found as l arge as 4mm ( 1 0063 , 1 ) .  Impacts that wou l d  
produce the l arger p i ts usual ly break the rocks apart and the pi ts are 
not preserved .  The rocks genera l l y  show p i tti ng i n  the rounded s urfaces 
but not on the fl at s i des . The gl ass l i n i ng the pi ts i s  bright-refl ecti n g  
a nd  common l y  uneven and botryoidal . 

The pi ts are general ly  surrounded by wh i ti sh hal oes wh i ch are at l east  
parti al ly  attri butabl e  to i ntense mi crofracturi n g of mi nera l s .  Th i s  
wh i ten i ng does not appear to penetrate more than l mm bel ow the surface 
of the rock ( LSPET , 1 969)  and tends to g i ve the su rfaces of the crystal 
l i ne rocks a l i ghter co l or than the i nteriors . 

I n  add i ti on to gl assy 
resu l t of spatteri n g .  
Taken together ,  these 

BASALTS 

p i ts , th i n  gl ass crusts occur that appear 
These crusts are general ly l ess than  l mm 

features make up what i s  known as pati n a .  

to b e  the 
th i c k .  

Al l o f  the basal ts returned are vo l cani c i n  or1g1n and probably represent 
surface or n ear surface l avas . The term "vo l cani c" carri es no connotati on  
regard i n g  i mpact generated or tri ggered vol can i sm versus vol cani sm i n  the 
common terrestri a l  sense . 

The rocks conta i n  pyrogen i c  mi neral assembl ages and gas cav i ti es suggest i ng 
that they crys tal l i zed from mel ts . The maj or mi nera l s  can be ass i gned 
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to known rock-formi ng mi neral groups . The un i que chemi stry of the magmas 
has resu l ted in mi neral rati os di fferent from known terres tri a l  vol cani c 
l i qu ids ,  yet not s i gn ifi cantly di fferent ( at l east i n  the major  el ements ) 
from some terres tri al cumul ates ( LSPET,  1 969 ) . 

The Prel i mi nary Exami nati on Team ( LSPET,  1 969 )  d i v i ded the crystal l i ne 
rocks i nto fi ne-gra i ned ( Type A) and coarse-grai ned ( Type B ) . Gra i n  s i zes 
of Type A rocks ( fi ne-grai ned) range from 0 . 05 to 0 . 2  mm . A typi cal mode 
( 1 001 7 )  i s  pyroxene , 44%; pl agi ocl ase , 24% ; opaques ( ma i n ly  i l meni te) , 24% ; 
mesos tas i s ,  8% . Gra i n  s i zes of Type B rocks ( coarse-gra i ned)  vary from 
0 . 2  to 0 . 3  mm. A typi cal mode ( 1 0044 ) i s  pyroxene , 47% ; pl ag i ocl ase ,  34% ; 
opaques , 1 2%;  cri stoba l ite ,  3% ; and,  mesostas i s ,  4% . 

James and Jackson ( 1 970 )  and J ames and Wr ight  ( 1 972 )  have cl ass i fi ed 
the crystal l i ne rocks as i l men i te basal ts fol l ow i ng the rather l oose 
defin i tion of basal t by Hol mes ( 1 920) . They d i v i ded these further ,  on 
the bas i s  of texture , i nto three sub-groups . These are , 1) i ntersertal ; 
2 )  fi ne-gra i ned oph i ti c ;  and ,  3 )  medi um-gra i ned ophi t i c .  

Bas ica l ly, the i n terserta l basal ts correspond to some of the LSPET ( 1 969 )  
fi ne-gra i ned ( Type A) rocks . The fi ne -gra i ned ophi ti c bas a l ts correspond 
to the remai nder of the fi ne-gra i ned rocks . The med i um-gra i n ed oph i ti c  
basal ts correspond to the coarse-gra i ned ( Type B )  rock s .  

Tera et al . ( 1 970 )  and others have cl ass i fi ed the crystal l i ne rocks chemi 
cal ly on the bas i s  of potas s i um content . Genera l ly , the hi g h -k ( >0 . 20%K) 
rocks have i nterserta l textures and the l ow-k ( <0 . 20%K) have oph i t i c  
textures . 

The Apol l o  1 1  Re-exami nati on Team cl assi fi ed the crysta l l i ne rocks accordi ng 
to the fol l owi ng scheme : Al l crysta l l i ne rocks observed were cal l ed 
basal ts . When the accessory mater i al s o l i v i ne or cri stoba l i te were found 
i n  the sampl es , respecti ve mod ifi ers were prefi xed ( i . e .  cri s tobal i te 
basal t ,  ol i vi ne basal t) . I f  nei ther was observed , the presence of abun
dant ves i cl es was noted ( ves i cu l ar basalt ) . I f  a part i cu l ar s ampl e was 
non-ves i cu l ar ,  the gra i n  s i ze ( fi ne  or  med i um) was u sed as a mod i f i er .  

A summary of the Apol l o  1 1  crystal l i ne rock  cl as s i f i cati ons i s  shown i n  
Tab le  3 .  

B RECCI AS 

The brecci a sampl es returned by Apol l o  1 1  a re mi xtures of fragments , 
vari ous ki nds of rocks , mi neral s ,  and g l ass , and are grey to dark grey i n  
co lor .  Most brecci as are fi ne-gra i ned , wi th fragments smal l er than 1 em 
i n  di ameter.  
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1 0003 
1 00 1 7  
1 0020 
1 0022 
1 0024 
1 0029 
1 0031 
1 0032 
1 0044 
1 0045 
1 0047 
1 0049 
1 0050 
1 0057 
1 0058 
1 0062 
1 0069 
1 007 1 
1 0072 
1 0092 

TABLE 3 

Apol l o  l l  Bas a l t  Cl as s i f i cation 

Re-Exami nati on  Team James & Jackson ( 1 970) 

Hand Speci man Th i n  Sect i on 

Cri stobal i te Bas al t Med . Gra i ned Oph i ti c  Basa l t  
Ves i cu l ar Basal t In tersertal Basal t 
Ves . Ol i v i ne Basal t Fi ne Grai ned Ophi ti c Bas al t 
Ves i cu l ar Basal t Intersertal Bas a l t  
Ves i cu l ar Basal t I nterserta l Basal t 
Med . Gra i ned Basal t Med . Grai ned Ophi ti c Bas al t 
Ves i cu l ar Basa l t  - - - - - - - - - - - - - - - - - - - - - - - - - -

Fi ne Grai ned Basal t - - - - - - - - - - - - - - - - - - - - - - - - - -

Cri stobal i te Basa l t  Med . Grai ned Oph i ti c Basa l t  
Ol i v i ne Basal t F i ne Gra i ned Oph i t i c  Basal t 
Cri stoba l i te Basal t Med . Gra i ned Oph i t i c Bas a l t  
F i ne  Gra i ned Basal t I nterserta l Basa l t  
Cri stobal i te Basal t Med . Gra i ned Oph i ti c  Basal t 
Ves i cu l ar Basa l t  Intersertal Basa l t  
Cri stoba l i te Basa l t  Med . Grai ned Oph i ti c  Basal t 
Ol i v i ne  Basal t F i ne Gra i ned Oph i t i c  Basal t 
Ves i cul ar Basal t Interserta l Basal t 
F i ne  Gra i ned Bas al t Interserta l Basal t 
Ves i cu l ar Basa l t  Interserta l Bas al t 
0 1  i v i ne  Basal t - - - - - - - - - - - - - - - - - - - - - - - - - -

*After Tera et . a l . , ( 1 970) and others 

PET K-Content* 

B Low-K 
A H i gh-K 
A Low-K 
A Hi gh-K 
A H i gh -K 
B - - - - - -
A - - - - - -

A Low-K 
B Low-K 
A Low-K 
B Low-K 
A H i gh-K 
B Low-K 
A H i gh-K 
B Low-K 
A Low-K 
A H i gh-K 
A H i gh-K 
A H i gh-K 
- -- - - - -

w 
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The term "matri x" refers to materi al that i s  too fi ne-grai ned to be resol ved 
by whatever opti cal means are empl oyed, be i t  a petrographi c mi croscope , a 
bi nocul ar m icroscope or the una ided eye . C l as ts are those fragments that 
can be resol ved from the matri x through di fferences in col or, texture or 
compos i ti on .  The types and abundances of cl asts found in the Apo l l o  1 1  
brecci as a re summari zed i n  Tab l e  4 .  I t  can be seen from Tab l e  4 that 
many cl a st  types (whi t-e , brown , sal t & pepper, brown & �th i te )  are di ss imi l ar 
to the crysta l l i ne rocks col l ected at the Apol l o  1 1  si te and probably repre
sent ejecta from di stant  i mpact s i des . 

The matri x con s i s ts l argely of g l ass parti c l es and mineral fragments . 
Much of the gl ass has undergone some devi tri fi cati on, wh ich gi ves the 
matri x an overa l l  turb id  appearance in th i n  secti on . 

Because the chemi cal compos i ti o n  of the soi l s  and brecci as are s imi l ar 
( bu t  not i denti cal ) i t  was assumed by LSPET ( 1 969)  that the brecc i as were 
some sort of l i th i fi ed soi l , and l i thi fi cati on by shock was put forward 
as a mechan i sm . Thi s mechan i sm was favored by Ki ng et a l . ( 1 970) , 
Mason et al . ( 1 970 ) , Quaide and Bunch ( 1 970 ) , Shoemaker et al . ( 1 970 ) , 
Wood et a l . ( 1 970 ) .  Other i nvesti gations have proposed l i th ifi cation 
by thermal wel di ng [Smi th et a l . ( 1 970) ; Du ke et al . ( 1 970 ) ; McKay et a l . 
( 1 970) ; and McKay and Morri son ( 1 97 1 ) ] .  A thi rd hypothesi s proposed by 
Chao et al . ( 1 9 7 1 ) sugges ts that brecci as are formed by l ow l evel shock 
compacti on of soi l l ocated some di s tance from the poi nt of impact and near 
the base of the regol i th .  

SOI LS 

Soi l samp l es were obta i ned from the Conti ngency ,  Documented and Bu l k 
Sampl es , a l l of wh i ch were taken w ith i n  30m of the l unar modu l e  ( Fi 9 . 2 ) . 

The Conti ngency Sampl es soi l s  were col l ected al ong wi th the rocks u s i ng 
the spec i a l  Conti ngency S ampl er  ( Fi g .  9 ) , i n  whi ch rocks and soi l s  were 
col l ected s i mu l taneously by s coopi ng . Except for the dri ve tube s amp l es ,  
the only so i l present i n  the Documented S ampl e  was what adhered to the 
rocks . Thi s soi l was admi xed wi th materi a l  produced by the crumb l i ng and 
spal l i ng of the rocks . The soi l s  present i n  the Bu l k  S ampl e were col l ected 
by scoop ing  i nto the regol i th u s i ng the l arge scoop ( Fi g .  7 ) .  

Duri ng Prel i mi nary Exami nati o n ,  fi nes sampl es from the Conti ngency ,  
Documented, Bu l k and Core s amp l es were s i eved and the resu l ts p lotted 
as cumu l ati ve-weight  percent cu rve ( Fi g .  1 4) .  

S i nce apparently a scoop was not used i n  col l ecti on of the documented 
s ampl es , the fi nes ( 1 001 1 )  wi th the rocks probably cons i s t  of a mixture 
of soi l that adhered to the rocks wi th materi al abra i ded from the rocks 
in trans i t , especi al ly  from the fri ab le  brecci as . On the other hand,  
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the bul k and conti ngency fi nes were co l l ected by scoop i ng  and probably 
conta i n  only a smal l proporti on of rock mater i a l  abrai ded i n  trans i t .  

Soi l s  from Apol l o  1 1  conta i n  the fol l owi ng components , g i ven i n  order of 
abundance : 

1 )  Igneous rock and mi neral fragments . These occur as bl ack 
to grey basal t fragments wi th dens i ti es of greater than 
3 . 32 gm/cm2 ( Hei ken , 1 975 ) . Mi nera l ogi cal l y  and texture
a l l y  these fragments are s i mi l ar to the basal ts col l ected 
at the Apo l l o  1 1  l andi ng s i te ( LSPET , 1 969 ) . Most of the 
mi neral fragments found i n  the soi l s  are commi nution  pro
ducts of the basal ts : i l meni te , pyroxene , p l ag i ocl ase ,  o l i 
v i ne and chrome s p i nel  ( Hei ken , 1 97 5 ) . Smal l amounts of 
cri stobal i te and al kal i fel dspar have al so  been reported 
( Agre l l  et al . ,  1 970;  VonEngel hardt et al . •  1 970 . )  

2 )  Brecci a fragments . These occur as  tabul ar to equant,  sub
rounded to subangu l ar fragments wi th dens i ti es of 2 . 9 -3 . 1  
gm/cm3 ( Hei ken , 1 975) . The brecci a fragments are composed 
of basal t ,  gl ass , mi neral and prev ious brecc i a  fragments 
( LSPET, 1 969) . I t  has been proposed by Agre l l et a l . ( 1 970) , 
Chao et al . ( 1 97 1 ) ,  and others that the brecci a  fragments 
are a resu l t  of soi l l i th i fi cati on ,  but the re i s  not a di rect 
correspondence of soi l modes to brecc i a  modes ( Du ke et al . ,  
1 970) . I t  has been postu l ated by Hei ken ( 1 97 5 )  that  the 
brecci as are most probably a mi xture of fresh ly  commi nuted 
rock and soi l from i mpact craters . 

3 )  Gl ass spheres . 1 -mm to 3-mm-di ameter gl ass s p heres make 
up a mi nor ( 1 -5%) but thoroughly studi ed so i l consti tuen t .  
Most are s pheri cal , but some occu r i n  ovoi d to dumbbel l  
shapes . Vari ous col ors are exhi bi ted wi th a predomi n ance 
of pa l e  amber ( 2 . 2-2 . 6 gm/cm3 ) ,  dark amber ( 2 . 7 -3 . 2  gm/cm3 ) ,  
red brown ( 3 . 0-3 . 32 gm/cm3 ) ,  and pal e yel l ow ,  pal e green 
or col orl ess ( 2 . 2-2 . 6  gm/cm3 ) s pheres ( Du ke et a l . ,  1 970 ;  
Agrel l et  al . ,  1 970) . Many s pheres are dev i tri fi ed ; some 
of the l arger s pheres have the l arger ves i cl es .  Many 
s pheres exhi bi t fl are patterns .  Some sphere surfaces are 
coated wi th i mbedded parti cul ate matter or s pattered drop
l ets of gl ass , Fe , Fe-N i  and tro i l i te ( McKay et al . ,  1 970 ; 
Agrel l et al . ,  1 970 )  and some surfaces s how evi dence of 
mi cro-meteori te i mpacts ( zap p i ts ) .  

4 )  �1i croanorthos i ti c fra ments . Sma 1 1 ,  angul a r  fragments of 
pl agi ocl ase An9 5  wi th sma l l  i l meni te and ruti l e  i nc l u s i ons  
are des cri bed by Agrel l et  al . ,  ( 1 970) and  Wood et  a l . ,  ( 1 970 ) . 



The ori g�i n for these fragments may be the l u nar h i gh l a nds or 
mare regi ons with anorth i te-ri ch bas a l t fl ows ( Hei ken , 1 975 ) . 

5) Meteori t·i c materi al . Onl y a trace of i denti fi abl e meteori ti c  
mater ia l  has been i denti fi ed i n  the Apo l l o  1 1  soi l s .  Rare 
metal gra i ns , some w ith  m icrocratered surfaces , are present .  
They are composed of some s i ng l e-crystal k amaci te and taen i te 
and a hexahedri te wi th k amaci te and zoned taen i te ( Agre 1 1  et .  a 1 . , 
1 970;  Go-l dste i n  et al . ,  1 970 ) . 

There i s  agreement among i nvesti gators that the Apol l o  1 1  soi l s  were 
formed by meteorite commi nuti on of fi ne-grai ned bas al t  and coherent 
brecci a .  Agg l ut·i nate gra i ns and mos t g l assy parti cl es were formed by 
mel ti ng of rock illld soi 1 by impact processes . I t  i s  poss i b 1 e that some 
of the gl ass spheres h ave a pyrocl asti c ori g i n ,  bu t they are very mi nor 
so i l  consti tuents ( Hei ken , 1 97 5 ) . 

CORES ( from LSPET , 1 969)  

Two core sampl es , each 2 centi meters in  d i ameter ,  were returned : core tube 
1 ( 1 0005 ) contai ned 1 0  centi meters , and core tube 2 ( 1 0004) contai ned 
1 3 . 5  centi meters of materi a l . The cores are composed predomi nantly of 
parti cl es wi th d i ameters from 1 mi l l i meter to 30 m icrometers , wi th adm i xed 
angu l ar rock fra9ments , crystal fragments , gl ass spherul es ,  and aggregates 
of gl ass and l i th i c  fragments i n  the coarser-s i zed fract i o n .  Both the 
materi a l  i n  the tubes and the fi nes i n  genera l are medi um to d ark grey 
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wi th a ti nge of brown . When prodded wi th a smal l spatu l a ,  the materi al  
di s i ntegrates pa1rti cl e by parti cl e or  forms extremel y  frag i l e  ephemeral u n i ts 
of subangul ar b l ocky shapes . 

Nei ther core sampl e shows obvi ous gra i n -s i ze strati fi cati o n .  The core 
from tube 2 has a sl i ghtly l i ghter zone about 6 centimeters from the top 
surface wh i ch i s  2 to 5 mi l l i meters th i ck wi th a s harp upper b oundary 
and a gradati ona l l ower boundary .  Th i s  l i ghter zone i s  not megascopi 
cal ly di fferent i n  gra i n  s i ze or texture from the dark materi a l . 

MINERALOGY 
Cl i nopyroxene - Cl i nopyroxene occurs i n  a l l of the rocks exami ned . The 
most  wi despread vari ety i s  ci nnamon brown to res i n  brown i n  hand speci mens 
and pa l e  reddi sh  brown to pi n k i sh brown to nearly col orl ess i n  thi n  sec
tion . Li tt l e  or no pl eochro i sm i s  associ ated wi th the crystal s .  The 
habi t of cl i nopyroxene i n  the crysta l l i ne rocks i s  genera l ly s tubby pri s 
mat i c  or anhedral ,  wi th some sheaf-l i ke i ntergrowths wi th fel ds par al so 
bei ng presen t .  Some crystal s are strongly zoned from the center outward 
as i ndi cated i n  i ncreas i ng  po s i ti ve opti c ang l e from near 0° to near 50° 
together wi th i ncreas i ng refracti ve i ndex and i ntens i ty of col o r .  
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Rare pal e yel l ow crys tal s  of pyroxferri te occur as overgrowths and 
i n tersti ti a l  crystal s  to the pyroxene crystal s ,  and in cav i t i es i n  
several of the more coarsely crystal l i ne rocks . 

Ol i v i ne - Ol i v i ne from Fo6 5 to Fo7 5  i s  a subord i nate phenocrys i t i c  con 
sti tuent o f  several o f  the fi ner crystal l i ne rocks , and occurs sporadi 
cal l y  as crystal fragments i n  the brecc i as and dust .  I t  i s  cl ear  pal e  
greeni sh yel l ow i n  the crysta l l i ne rocks but may range i n  col or from 
green i sh yel l ow th rough honey yel l ow and orange yel l ow in the brecci as 
and dus t .  Much of the o l i v i ne occurs as anhedral cores i n  pyroxene 
crysta l s .  

Pl agi ocl ase - Pl agi ocl ase i s  l i kewi se wi despread but general ly subord i nate 
i n  amounts to the ferromagnes i an mi neral s .  I t  i s  calci c ,  mostly between 
An 7 0  and An9 0 ,  wi th some composi ti onal  zoni n g  i n  some rocks .  The hab i t  
i s  commonly tabul ar and p l ate -shaped ,  wi th l amel l ar twi nni ng para l l el and 
transverse to the pl ates . I ntersti ti a l , anhedral , poorly twi nned crystal s 
al so occur i n  many of the basal ti c rocks . 

I l meni te - I l meni te i s  present i n  rel ati vely l arge amounts i n  the crys tal 
l i ne rocks . I t  occurs as l athes and wel l -formed skel eta l crystal s .  I l me
ni te i s  a l s o  common i n  the brecci as and soi l as a const i tuent of the 
l i th i c  fragments and as i sol ated crystal  fragments . Many of the l arger 
crystal s show exsol uti on of chromi te ,  ru ti l e  and many have armal col i te 
cores or i ncl us i ons . 

Cri stobal i te - Cri stobal i te i s  present as th i n  cl ear coati ngs ,  and occurs 
i n  cavi ties and fi l l s  i ntersti ces between p l agi ocl ase pl ates i n  some of 
the coarser crysta l l i ne rocks . Mi croscopi ca l ly i t  i s  characteri zed by 
a crack ly  surface and compl ex twi n n i ng . 

Troi l i te - Troi l i te occurs i n  sma l l amounts as rounded mas ses i n  i nter
sti ces between p l agi ocl ase ,  c l i nopyroxene, or i l men i te of some coarser 
crysta l l i ne rocks . Most masses conta i n  smal l bl ebs of nati ve i ron . 

Nati ve i ron - Nati ve i ron occurs as s cattered bl ebs up to 1 0  mi crons 
di ameter wi thi n the tro i l i te masses . Occas i onal i sol ated masses of i ron 
are al so presen t .  

Other mi neral s - Several other acces sory mi neral s occur i n  crystal l i ne 
rocks whi ch i ncl ude chromi an u l vospi nel , u l vosp i nel , apati te , K-fel dspar,  
whi tl ocki te ,  tranqu i l l i tyi te, z i rcono l i te ,  and baddel eyi te .  

For further descri pti on and reference , see Fronde l , J . W .  Lunar Mi nera l ogy. 
New York , ( 1 975 ) 323 pp .  
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Apol l o  l l  Sampl e Degradation H i s tory 

There are two bas i c  areas of samp l e  degradati on to be consi dered i n  Apol l o  
1 1 :  1 )  Samp l e  contami nation duri ng col l ecti on and transportation of sam
ples back to earth ; and , 2 )  Laboratory contami nation duri ng ori g i na l  
proces s i ng .  

Tool s  used on the l unar surface for sampl e col l ecti on ( hammer, tongs , etc . )  
were s tored i n  two di fferent confi gurations i n  the Modul ari zed Equi pment 
Storage Assembly  ( MESA) . Core tubes , so lar  wi nd experi ment, and tefl on 
storage and co l l ecti on bags , were cl eaned to hi gh standards ( Apo l l o  l l ,  
1 2  & 1 3  Organi; c Contami nat ion Mon i tori ng H i s tory) MSC-04350 and vacuum 
seal ed i n  the ALSRC conta i ners at the Lunar Rece i v i ng Laboratory .  Al l 
other l arge too l s  ( scoops , tongs , etc . ) were cl eaned to spacecraft 
c lean ing  l evel s . These l eve l s  were reported as bei ng equ i val ent to l abora
tory cl eani ng l e ve l s  used on LRL too l s  ( personal conversation wi th W . A .  
Parkan ) . However, a l l too l s  not seal ed i n  the ALSRC were hand checked i n  
a cl ean room E!nv i ronment ,  pri or to l oadi ng i nto the MESA . At th i s  t ime 
i t  i s  pos s i b l E! that the hand tool s cou l d  have been handl ed by someone 
wi thout gl oves . 

On the l unar s urface , the as tronauts probably handl ed a few of the 
l arger samp les  wi thout u s i ng any tool s .  EVA su i ts wo rn by Armstrong 
and Al dri n  were cl eaned on ly  to a vi sual cl eani ng requ i rement . Thi s 
meant  that  they were probably the " di rti est" i tem to come i n  contact 
wi th any sampl es at that po i nt i n  the mi s s i on .  Spacesu i t  out-gas s i ng 
may have been another mi nor contri butor to su rface contami nati on . Lunar 
surface contaminat ion from exhaust emi s s i ons of the l unar modu l e  may 
have occurred du ri ng l andi ng . 

S i nce al l rocks and soi l s  were co l l ected i n  a smal l radi us around the 
LEM, it i s  poss i b l e  that  res i due from the descent eng ine  contami nated 
certa i n  surface s ampl es . Thi s  pos s i bi l i ty has been s tudi ed and docu
mented , ( Murphy et al . , 1 970 ) . However, no d i rect concl usions were 
reached .  

I n  the LRL ,  cabi nets i n  wh i ch l unar s ampl es were to be  processed were 
cl eaned wi th al cohol and fl ushed wi th freon . Thi s  was repeated several 
ti mes to ensure no b i ol og i ca l  contami nat i on of the samp l es . During the 
quaranti ne per i od ,  conta i ners or tool s transferred i nto any cab i net 
sys tem i n  the LRL were fl us hed wi th peraci ti c aci d  and were put through 
a dry heat s teri l i zati on process . The amount of heati ng was not any 
di fferent from the dayti me temoeraturP<: nn thP mnnn Nn r il <: P <;  
were recorded of peraci ti c aci d l eaki ng through a conta i ner onto a 
samp l e .  
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The s ampl es came i n  contact wi th tefl on . al umi num and s ta i n l ess steel , 
and were exposed to i ndi um ( used for sea l i ng contai ners) and molybdenum 
di su l fi de ( used as a l ubri cant ) . In addi ti o n  to th i s ,  s amp l es processed 
i n  PCTL were exposed to open Mettl er bal ances , and i mmers i on o i l s  used 
i n  petrograph i c  work . Sampl es i n  SPL were sawed i n  open ai r .  

Many s ampl es repackaged during re -exami nation had been packaged i n  
Bel -Art products , ( polyethyl ene and po lystyrene ) whi ch were l abel ed wi th 
gummed l abel s ,  and wri tten on wi th bal l poi n t  pens . These products , i f  
exposed to samp les , coul d have added greatly to s amp l e contami n at i on . 

I n  the present SSPL ,  samp l es only come i n  contact wi th s ta i n l ess s teel , 
tefl on and al umi num. Xyl an i s  used as a l ubri cant i n  the p l ace of 
molybdenum d i s u l fi de .  

Duri ng thi s  re-exami nati on , sampl es were re-pac kaged and ol d packag i ng 
was noted i n  the data packs . 

Al l tool s wh i ch touch sampl es , are cl eaned to a CP-7* l evel . Most con
tainers whi ch s amp l es are stored i n ,  are al so c l eaned to a CP-7* l evel . 
Al l proces s i ng  cabi nets used for l unar sampl e s ,  are cl eaned to a CP- 1 *  
l eve l . 

SAMPLE RE-EXAMINATION 

B I NOCULAR DESCRI PTION PROCEDURE 

I n  general , the l arges t rema i ni ng subsampl e was sel ected for the descri p
ti on of the l i thol ogy . Speci al emphas i s  was pl aced on the mi nera l i c  and 
c l ast  components of the rock .  

Brecci a cl asts were measured , cl assi fi ed and descri bed ( see Tab l e  4 )  and 
abundances of the vari ous c l ast types were vi sua l ly  esti mated . The i den
ti f icati o n ,  abundances and grai n s i zes of the basa l t components were coor
di nated wi th the thi n  section descri pti ons . The ori entati ons used i n  the 
photographs and in the bi nocul ar des cri pti ons are arb i trary and do not 
refl ect  the ori entati on on the moon . 

*Contamination Control Procedures (MSC-03243) 
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For the most part, i nformation contai ned in the b i nocul ar descr i pti ons 
was generated dud ng re-exami nation . However ,  sampl e des cri pti o ns generated 
during PET were l"evi ewed and any i nformati on that confl i cted wi th, or 
cou l d  not be observed du ri ng re-exami nation was annotated by pl aci ng a 
semi - co l on ( ; )  between the re-exami ned descri pti ve and the PET descrip
ti ve.. For exampl e :  If the part of the rock restudi ed had no fractures , 
out a note i n  the Prel i mi nary Exami nati on s tated that fractures were pre
sent para l l el to an e l ongated face, i t  wou l d  be presented i n  the fol l ow i ng 
manner i n  the bi nocul ar descri pti ons : 

Fractu ring - Absent; Few fractures paral l e l to e l ongated face ( PET) . 

Al l terms used i n  the bi nocu l ar descri pti ons are l i s ted bel ow :  

CHARACTE RI STIC 

Cavi ti e s  

Coherence 
I ntergranul ar :  

Fracturi ng : 

TERM 

vugs 
ves i c l es 
crystal s 

very fri ab 1 e 

fri abl e 

coherent 

tough 

absent 
few 
numerous 

non-penetrati ve 

DEFINITION AND COMMENT 

Not to i ncl ude merely su rface 
rel ated featu res s uch as cl as t  mo l ds . 

projecti ng or  l i n i ng materi al s 

gra i n -to-gra i n  coherence 
crumb l es under manual pressure 

crumbl es u nder manual pres sure 

mu st be struck to di s aggregate gra i ns 

breaks acros s grai ns rather than 
around them 

terms combi ned as needed for a fu l l  
des cri pt i on 

penetrative v i s i b l e  on oppo s i ng s i des 
Component i gneous rocks , brecci a and fi nes as 

appl i cabl e 
mafi c s i l i cate al l co l ored trans l ucent mi nera l s ;  

ma i n l y  pyroxene and o l i v i nes 

pl agi ocl ase l i gh t  grey and wh i te ( i f  shocked ) 
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CHARACTE RISTI C 

Fabri c 

Surface 

Vari abi l i ty* 

TERM 

i l meni te 

opaque 

pyroxene 

mafi c 

cl ast 

g l ass 

i sotropi c 
an i sotrop ic  
1 ami nated 
equ i granul ar 
i nequ i granul ar 
porphyri ti c 
seri ate 
mi crobreccia 
fi ne brecci a 

brecci a  

i rregu l ar 
granul ated 
smooth 

DE FI N IT ION AND COMMENT 

bl ack opaque s ubmetal l i c  

used when opaques other than i l meni te 
are present but quanti tati vely 
i nseparab l e  

amber to honey brown to dark brown 

aphan i ti c  materi a l  ( under b i nocu l ar 
mi croscope) 
<0 . 05 mm ; sometimes referred to as 
mesostas i s 

see cl ast  descri pti ons for deta i l s  of 
various cl ast l i tholog i es 

dark green to bl ack noncrystal l i ne 
s i l i cate materi al 
to i ncl ude texture 

< l mm average cl as t  s i ze 

1 -Smm average c l as t  s i ze 

> Smm average cl ast s i ze 

speci f i c  faces may be referenced 
by the l aboratory ori entati on cube 
face des i gnati on 

hackly gene ra l l y  a fresh ly broken surface 

gl ass covered (% )  e . g . ,  g l ass 30% of E and 1 0% of T 
grooved for s l i c kens i de-l i ke surfaces 

any di fference i n  any characteri stic 
from one part to another, e . g . , grai n  
s i ze ,  l i tho l ogy , mi neral ogy 

*The vari abi l i ty term homogeneous, when used i n  reference to brecci as , 
refers to no major vari at ion between di s tri bution and abundance of cl ast 

materi al or major components . 



CHARACTERISTI C 

Zap P i t  

TERM 

none 
few 

many 

DEFI N I TI ON AND COt1MENT 

none seen i n  qu i ck s can 
< l 0/ cm2 

> l 0/cm2 
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C l a s t  Type 

Whi te 
( F i g  . 1 5 ) 

Basa l t 
( F i g  . 1 6 )  

S a  1 t & Pepper 
( F i g . l7 ) 

Grey 
( F i g  . 18 )  

Grey & Wh i te 
( Fi g . l9 )  

Brown 

Green 
( Fi g 20 ) 

B l ack 

L i t h i c  
( F i g .  2 1) 

Examples  Found I n  

1 0009 , 1 00 1 8 , 1 001 9 , 1 0021 , 
1 0023 , 1 0025 , 1 0026 , 1 0027 , 
1 0028 , 1 0046 , 1 0048 , 1 0056 , 
1 0059 , 1 0060 , 1 0061 , 1 0063 , 
1 0064 , 1 0065 , 1 0066 , 1 0067 , 
1 0068 , 1 0070 , 1 0073 , 1 0074 , 
1 0075 , 1 0082 , 1 0093 , 1 0094 

1 00 1 8 , 1 00 1 9 , 1 0021 ' 1 0023 , 
1 0026 , 1 0027 , 1 0030 , 1 0048, 
1 0056 , 1 0060 , 1 0061 , 1 0063 , 
1 0064 , 1 0065 , 1 0066 , 1 0067 ,  
1 0068 , 1 0070, 1 0073 , 1 0075, 
1 0082 , 1 0093 , 1 0094 

1 0009 , 1 00 1 8 , 1 00 1 9 , 1 0021 , 
1 002 3 , 1 0026 , 1 0027 , 1 0030,  
1 0048 , 1 0056 , 1 0061 , 1 0064 , 
1 0065 , 1 0067 , 1 0068 , 1 0070 , 
1 0073 , 1 007 5 , 1 0093 , 1 0094 

1 0046 , 1 0060 , 1 0063 , 1 006 4 ,  
1 0065 , 1 0066 , 1 0067 , 1 0068, 
1 0070 , 1 0075 , 1 0093 , 1 0094 

1 0028 , 1 0030 , 1 0060 , 1 0061 , 
1 0065 , 1 0068 , 1 0074 , 1 0082 , 
1 0093 

1 001 9 , 1 0023 , 1 0027 , 1 0046 , 
1 0048 , 1 0060 , 1 0063 , 1 0067 ,  
1 0070 , 1 0074 , 1 0075 

1 0063 ' 1 0068 

1 0064 , 1 0067 

1 0075 

_,. 
Tabl e  -4 - BRECCIA CLASTS 

N 

Abundance ( % )  Minera l s  Gra i n  Gra i n  Shape 
( app)  % S i ze ( mm)  

< 1%  - 20% < . l mm-4mm Pl agioc l ase < .  1 - .  3 Euhedral to aphan i t i c  
1 00% 

< l - 1 0  . 3-40 Pyroxene 40% . 08- . 4  Euhedral to subhedra l -
Avg=8 Plagioclase  ( pyroxen e ,  p lag ioc lase )  

40% El ongated p laty ( i l men-
I l me n i te 1 0% i te )  
Mesos tas i s  1 0% 

< 1 - 5  . 3-3 Pl agioc l ase < l - . 2  E l ongated p l a ty ( i lmen-
Avg=2 75% i te )  

I l meni te 25% Crushed aphan it ic  
( p lag ioc las e )  

< 1 -5 2-3 Pyroxene 60% < .  1 - . 3  Euhedral to subhedral 
P lagioclase  40% 

< l - 8  2-3 Pyroxene 50% < .  1 - . 3  Euhedral ( pyroxene ) 
Pl agi  oc 1 ase 50% aphan i t i c  ( p l agioclase)  

< 1 - 2  < 1 -2 Honey Brown < .  1 Crushed appearance 
Pyroxene 1 00 

< l  < l - 1 . 5  Ol i vi ne - 1 00 < .  1 - . 4  Euhedral to crushed 

1 < 1 - 2  Aphan i t i c  gl ass < . 01  Aphani ti c 

< 1  2 Aphani ti c  < . 01 Rel i c  Cl ast 



Clast Type Examp l es Found In  Abundance (%)  

Brown & Whi te 1 0093 <1 2 . 5x 3 . 5  
( F i g .  22) 

M i nera l s  
(app)  % 

Honey Brown 
Pyroxene ( 50%) 
Pl agioc l ase (50%) 

Gra i n  
S i ze(mm) 

. 4- . 9  

Gra i n  Shape 

Euhedra 1 pyroxene 
and p l agioclase 

.Po w 
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Fi g .  1 5 :  Whi te cl ast from 1 0060 , 5 .  Wi dth of fi el d 7 . 3 mm 
( S-76-25890 ) 

Fi g .  1 6 :  Basal t cl ast from 1 0048 , 0 .  Wi dth of fi el d 7 . 3  mm 
(S-76-256 18 )  



Fi g .  1 7 :  Sal t & Pepper Cl ast from 1 0048 , 0 .  W i d th of  fi e l d 7 . 3  mm 
( S -76-2561 9 )  

Fi g .  1 8 :  Grey cl ast from 1 0063 , 1 . W i dth of fi e l d  1 4 . 8  mm 
( S -76-26838) 

45 



46 

Fig . 1 9 :  Grey & Whi te cl ast from 1 0063 , 1 . Wi dth of fi e l d  7 . 3  mm 
( S -76-26839) 

Fi g .  20 : Green cl ast from 1 0063 , 1 . W i dth of fi el d 7 . 3  mm 
( S -76-26837 )  



Fi g .  21 : L i thi c cl as t from 1 0060 , 5 .  W idth of fi e l d  7 . 3  mm 
( S -7 6-25891 ) 

Fi g .  22 : Brown & Wh i te cl ast from 1 0093 , 0 .  Wi dth of fi el d 7 . 3  mm 
( S -76-25991 ) 

47 
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TH I N  S ECTI ON DESCRI PTI ON PROCEDURE 

Each th i n  secti on descri pti on and modal analys i s appeari ng i n  thi s cata
l ogue i s  gi ven for a speci fi c secti on bu t the summary and comments are based 
on exami nati on of a l l ava i l abl e secti ons . The modal analyses are based on 
200-400 poi nt  counts , the number dependi ng on the apparent heterogenei ty 
of the sampl e .  The modal analyses reported a lways represent voi d-free 
anal yses owi n g  to the vari abi l i ty i n  the n umber ,  s i ze ,  and di s tri buti on 
of voi ds . 

For the s i ze characteri zati on the maxi mum d imens i on of each crysta l  was 
used . I denti fi cation of the phases was so l ely by opti cal properties . 
No attempts were made to i denti fy the speci fi c pyroxene or p l ag i oc l ase 
compos i ti on present . No oi l immers ion m icroscopy was done and no attempt 
was made to i denti fy any of the very fi ne grai ned materi al s .  

GENERAL DESCRI PTI ON OF AN APOLLO 1 1  BRECCIA I N  TH I N  SECTION 

S i nce the overa l l characteri st ics of al l the Apo l l o  1 1  brecci as are very 
s i mi l ar ,  a general i zed descri pti on and defi n i ti on of terms i s  gi ven bel ow .  
For spec ifi c sampl es , only those characteri sti cs that devi ate from the 
general descri ption w i l l be noted . 

Apo l l o  1 1  brecc i as are characteri zed by hav i ng a dark to l i ght brown matri x 
wh i ch i s  ri ch i n  s l i ghtly to moderately dev i tr ifi ed g l ass . I n  most  cases 
the materi a l  i s  very turbi d and contai ns sma l l crysta l l i tes , many too sma l l 
to be resol ved . 

The fol l owing  defi n i t i ons wi l l  be used i n  descri bi ng a l l  brecci a samp l es : 

Matri x - The matri x of the section i s  that materi a l  i n  wh i ch 
the g l ass -ri ch phases occurs al ong wi th smal l ( <O . OO lmm ) crys 
ta l l i ne produ cts . No attempts were made to resol ve the phases 
present i n  the matri x .  

Mi neral Cl as ts - Those shards of crysta l l i ne materi a l  whi ch 
conta i n  one mi neral phase pl us or mi nus exsol ution l amal l ae ,  
zon i n g ,  etc . Gra ins  wi th two or more phases are cons i dered 
a crys ta l l i ne l i th i c  c l ast rather than a mineral cl ast .  

Li th i c  Cl as ts - I n  order to s impl i fy the des i gnation of the 
vari ous types of l i th i c  cl asts poss i b l e  i n  any one secti o n ,  
they are d i v i ded i nto two  groups . The fi rst group i s  des i g
nated smal l ( <l mm ) and are not further defi ned .  The second 
group i s  desi gnated l arge (> lmm) and each has a few remarks 
to better defi ne the cl ast components and any other perti nent 
i nformati on . The exact number of the l arge cl asts i s  g i ven , 
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whereas only a rel ati ve abundance is gi ven for the smal l c l asts . 

Due to the heterogeneous nature of brecc ias , one or even severa l th i n  sec
tions cannot g �i ve prec i se percentages of phases present . Therefore , i n  
order not to stres s  undu ly  the measu red val ues o f  the phases present i n  
the sections , semi -quanti tati ve val ues are used . These val ues are defi ned 
bel ow :  

Rel ati ve Val ue Approxi mate % of Type Present i n  Sect i on 

Very abundant 
Abundant 
Moderate 
Few 
Present 

>50% 
30-50% 
20-30% 
1 0-20% 

< 1 0% 

I n  the majori ty of the brecc ias ,  the matri x forms a more or l es s  conti nuous 
array and hosts. a l l other phases present . The matri x i s  a semi opaque gl as s
ri ch phase that shows no fl ow structure but  always shows some degree of 
devi tri fi cati on . I ncl uded i n  the matrix are numerous rounded and i rregul ar 
l i th i c  cl asts . These cl as ts are randomly l ocated and i s ol ated from one 
another .  Many brecc i as have a wide vari ety of cl asts whi l e  others h ave a 
very l imi ted representat ion . Interd i s persed wi th the l i th i c  c l as ts are 
mi nera l  cl asts .  The maj or phase represented i s  us ual ly  cl i nopyroxene . I t  
occurs as i rre9u l ar to bl ocky shards wh i ch usual ly  show some degree of 
shock deformati on . The crystal s ,  for the mos t part, show onl y  s l i ght to 
no evi dence of reacti on wi th the encl os i ng matri x .  P l ag i oc l ase and i l me
ni te a l so occur i n  most secti ons , but usua l ly  to a l esser degree . The 
th i rd major phase i s  the gl ass sh ards wh i ch occur as spheri cal to i rregu l ar 
mas ses . Many conta i n  bubb l es ,  fl ow l i nes and fractures . The col or usual ly  
i s  some shade of  ye l l ow or  orange ,  bu t co l orless , wh i te and  greeni sh-brown 
masses al so occur .  Some gl ass coati ngs on ves i c l e  wal l s  and near the 
outer surfaces al so occur .  

GENERAL DESCRI PTI ON OF AN APOLLO l l  BASALT IN  TH I N  SECTION 

The des i gnati ons and cl as s i fi cati ons of the basal ts fol l ow the fol l owi ng 
scheme . Fi ve major types of basal ts are recogni zed . A genera l i zed 
des cri pti on is gi ven in the tab l e  bel ow al ong wi th the sampl es wh i ch 
fal l  under each of th e groups : 

TYPE 

I ntersertal 
one popul ation 
of p l agi ocl ase 

GENERAL DESCRI PTION 

I ntergrown network of pyroxene and 
i l meni te wi th pl ag i ocl as e ,  mesostas i s  
i ntersti ti al to network . H i g h  mesos 
tas i s  content . 

SAMPLES 

l 001 7 
1 0049 
l 0057 
.l 0069 
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( B asal t descri pti on - cont ' d ) 
TYPE 

Interserta l -
Two popul ati ons 
of pl agi oclase 

Suboph iti c 

Oph i t i c  

I ntermedi ate 
Ophi ti c/Subophi ti c  

GENERAL DESCRIPT I ON 

Network of pyroxene phenocrysts 
i ntergrown wi th l arge anhedral i l men i te .  
I ntersti al ly  to the network are tabl ets 
of pl agi ocl ase ,  an hedra l  pl ag i ocl ase ,  
and mesos tas i s . H i g h  mesostas i s  content . 

Pl agi ocl ase l aths are i ntersti ti a l  to 
and encl osed i n  the pyroxene host .  

P l agi ocl ase l aths occu r encl osed i n  
the pyroxene host wi th mi nor p l agi ocl ase 
as i ntersti ti al voi d  fi l l i ngs . 

I n  part typi cal ophi t i c  pl us gradi ng to 
suboph i ti c .  

Gra i n  s i ze and mi nor mi neral ogy can vary wi th i n  each type , but the 

SAMPLES 

1 0022 
1 0024 
1 0032 
1 0071 
1 0072 

1 0029 
1 0044 
1 0047 
1 0050 
1 0058 

1 0020 
1 0045 
1 0062 

1 0003 

major characteri st ics remai n  the same . No attempts were made to determi ne 
any of the phases i n  the mesos tas i s .  

SAMPLE H I STORIES 

A summary of the process i ng , l aboratori es and operat i on , spec i al handl i ng  
and any unusual  contami nati ng cond i ti ons i s  presented for each generi c 
sampl e .  I n  addi ti on , an abbrevi ated sequence of l aboratory desti nati ons 
i s  presented for each pri sti ne s ubsampl e .  Thi s i nd i cates wh i ch l aboratory 
and hence type of potenti al contaminants cou l d  be associ ated wi th the 
exi sti ng sampl e .  More deta i l ed i n formati on may be found i n  the Curator ' s  
fi 1 es . 

CHEMI CAL DATA 

These val ues were obtai ned by us i ng a l l val i d  data ava i l ab l e  i n  the l unar 
data bas e . *  The data base was c hecked for accuracy and a number of errors 
were el imi nated .  Before averagi ng ,  redundant and s uspect val ues were re
moved accord i ng  to the genera l  ru l es : 

1 .  Prel i mi nary exami nati on data were removed .  

2 .  Runs at temperatu res other  than ambi ent were removed . 



3 .  Resu l ts after ac i d  l eachi ng were removed . 
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4. Analyses of i nd i v i dual  mi neral fracti ons or phenocrysts were removed . 

5 .  Data for sampl es l i s ted by the author as probably contami nated were 
removed .  

6 .  Where the same data was repeated by the same author or other authors 
on ly  the most  recent val ue was retai ned . 

7 .  Pos s i b l e  deci mal errors were checked and corrected i f  s uffi ci ent 
i n formati on was avai l abl e to make a val i d  change . 

8 .  E l ement to oxi de ca l cu l ati ons were checked and corrected where th i s  
type of a n  error was i nd i cated . 

Un usua l va l ues that  were not removed by at  l east one of 
kept . I n  some cases the range of two val ues was l arge ,  
no obvi ous reason for el imi nat i ng e i ther of the val ues . 

*Compi l ed by and avai l ab l e  from the Curator ' s  Offi ce . 
conta ins  pu bl i s hed  chemi cal , i s otopi c ,  modal , and age 
l unar sampl es . 

these rul es were 
but there was 

The data base 
data for al l 
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1 0001 

Generi c 1 0001 was ass i gned to the Documented Samp le  ALSRC ( #l 004 ) . 
Most  of the materia l  i n  the Documented Sample cons i s ted of rocks that 
were assi gned new generi c numbers ( see Tab l e  1 ) . 

The fi nes were generated as a resu l t  of the crumb l i ng  and spa l l i ng of  
the rocks . 1 0001 , 8  was s i eved during re-exami nation for coarse fi nes 
materi a l  ( l arger than 4 mm) and these samp l es were descri bed . 

H I STORY AND PRESENT STATUS OF SAMPLES - 1 0-4-76 

1 0001 was proces sed i n  the Vac Lab . It was l ater re-exami ned and 
s i eved i n  SSPL . One rock was separated from 1 0001 duri n� re-exami na
ti on and was assi gned the new generi c number 1 0094 . 

PRISTINE SAMPLES (Al l samp l es VAC - SSPL ) 
6 0 . 45 gm 

7 1 . 58 gm 

8 45 . 22 gm 

1 2  6 . 68 gm 

1 4  1 0 . 47 gm 

1 5  2 . 1 4  gm 

1 6  0 . 30 gm 

1 8  1 0 . 04 gm 

1 9  6 . 83 gm 

20 6 . 20 gm 

2 1  3 . 29 gm 

>4 mm chi ps and fines . 

>4 mm ch i ps and fi nes . 

>4 mm chi ps and fi nes . 

3-4 mm chi ps sp l i t  from 1 0001 ,8 during s i evi ng . 
No p i ts or pati na . 

Fragment . No p i ts or pat ina .  Large s a l t  
and pepper and basal t  c l asts .  

B recci a ch i p  with same descri ption as , 1 4 .  

B reccia ch i p  wi th same descri pti on as , 1 4 .  

Ves i cu l ar basa l t  pi ece . Few p i ts on 2 sur
faces . Typi cal AP- 1 1 basal t components and 
percentages . 

Brecci a  chi p .  No pi ts or pati na . Large 
amount of brown c last  materi al . 

Brecci a  ch i p .  Many pi ts on 3 surfaces . 
Sma l l c l ast popu l ati on . 

Brecci a chi p .  Many p i ts on 2 surfaces . 
C l asts i ncl ude whi te , brown and basal t .  



22 4. 14 gm 

23 4 . 46 gm 

24 1 .  04 gm 

25 1 . 66 gm 

26 4 . 99 gm 

2 7  1 . 66 gm 

1 0001 

Brecci a chi p .  Few pi ts on 1 s urface .  No 
pati na . Smal l cl ast popu l ati on . 
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Breccia ch i p .  No pi ts o r  pati na . Fri ab l e  
wi th smal l percent of whi te and basal t c l asts . 

Breccia ch i p .  Few pi ts on one surface . One 
l arge basal t cl ast present .  

Brecci a ch i p .  No  pi ts o r  pati na . Hack l y  
surface with smal l amount o f  ves i cu l ar g l as s . 

1 7  Brecci a  ch i ps .  4- 1 0  mm . No p i ts o r 
patina .  
Large cl ast popu l at ion .  

4 Brecc i a  ch i ps . 4- 1 0  rTITI .  No p its o r pati na . 
Large cl ast popul ati on . 

NO RETURNED SAMPLES >5 gm . 

NO CHEMICAL J\NALYSES OR AGE DATES . 
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1 0002 

1 0002 was the number assi gned to the rocks and  soi l s  i n  the Bul k Samp l e  
(ALSRC #1 003 ,  1 4897. 4 g m) .  The rocks were removed from the contai ner 
and gi ven new generi c numbers ( see Tab l e  2 ) .  A porti on of the soi l s  was 
si eved duri ng PET and the s i eve fracti ons were ass i gned new generi c 
numbers . (Tabl e  2 ) .  

At the onset of Re-exami nati on , there were sti l l  some "soi l s "  l eft i n  
1 0002 . One of these ( 1 0002 ,26 - 750 gm) was s i eved for materi a l  >4 mm . 
These coarse fines were descri bed us i ng a b i nocul ar mi croscope , for 
i nd i vi dual i nc l u s i on i n  the cata l ogue . 

S I EVE ANALYS IS  of Sampl e 1 0002 ,26 - Wei ght  S i eved: 476 . 0 gm 

S ieve 

> 1 0  mm 
4- 1 0  mm 
2-4 mm 
1 -2 mm 
<1 mm 

Wt. ( gm) 

1 8 . 48 
7 . 63 

1 0 . 96 
1 4 . 65 

424 . 5  

H ISTORY AND PRESENT STATUS O F  SAMPLES - 1 0/ 1 3/76 

1 0002 was ori gi nal ly  processed i n  the B i o  Prep  Lab , and remai n i ng 
p risti ne s ampl es were re-exami ned i n  SSPL . Two rocks  were sp l i t  from 
1 0002 duri ng re-exami nati on and were g i ven the new generi c numbers 
1 0092 and 1 0093. There i s  no documented  evi dence that any p ri sti ne 
s ampl e  presently i n  1 0002 was proces sed i n  any other l aboratory . 

PRISTINE SAMPLES : 

7 844 . 3 gm <l mm  Fi nes 

1 6  1 6 1 . 44 gm < lmm F i nes 

21 39 . 73 gm l - 3mm Fi nes 

24 76 . 96 gm <lmm Fi nes  

25 25 . 65 gm <l mm  Fi nes 

28 0 . 27 gm < lmm Fi nes 

29 4 . 47 gm l - 3mm Fi nes 

30 7 . 80 gm l - 3mm Fi nes 

31 1 5 . 04 gm l -3mm Fi nes 
33 1 9 . 35 gm <lmm Fi nes 



34 
37 

39 
40 

41 

42 

45 

46 
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86 

88 
89 

90 

9 1  
92 
93 

94 

95 

96 

9 7  

98 

99 

1 03 

1 04 

1 05 

1 06 

1 07 

2 . 95 gm 
88 . 43 gm 

25 . 40 gm 
1 9 . 42 gm 

4 . 35 gm 

0 . 25 gm 

0 . 50 gm 

0 . 89 gm 

1 5 . 58 gm 

248 . 71 gm 

0 . 78 gm 

1 0 . 96 gm 

1 4 . 65 gm 

240 . 5  gm 

1 84 . 0  gm 
0 . 1 5  gm 

0 .  1 2  gm 

0 . 35 gm 

0 . 75 gm 

0 . 32 gm 

0 . 84 gm 

4 . 28 gm 

2 . 2 1 gm 
l .  83 gm 

2 . 20 gm 

1 . 97  gm 

0 . 65 gm 

1 0002 

< l mm F i nes 

< l mm Fi nes 

< l mm Fi nes 
< l mm F i nes 
< l mm Fi nes 

< l mm F i nes 

< l mm Fi nes 

l - 3mm F i nes 

l -3mm Fi nes 

Uns i eved F i nes 

Gl assy pi ece . Few p i ts present . 

2-4mm F i nes  s i eved from 1 0002 ,26 

l - 2mm Fi nes s i eved from 1 0002 ,26 

<l mm Fi nes . From 1 0002 ,26 

<l mm Fi nes . 

Gl a s s  ch i p .  Pati na on a l l s urfaces . 
Some p i ts present . 

55 

Brecc i a  ch i p .  Large whi te c l ast present .  

Fractured brecci a  chi p .  Gl assy w i th few 
p i ts .  
Two basa l t ch i ps .  Few p i ts present on 
both chi ps .  
B recc i a  fragment wi th very g l assy matri x .  
N o  pi ts observed . 

Four  fi ne-grai ned 
i s  present on al l 

1 4  Brecc i a  ch i ps .  
the l arger chi ps .  

basal t chi ps . P i tti ng 
pi eces . 

P i tti ng i s  present on 

Basal t ch i p .  No p i ts observed .  

Bas a l t ch i p .  No pi ts observed . 
Brecc i a  ch i p .  Many l arge pi ts present.  

Brecc i a  ch i p .  P i ts present on one surface . 
Low c l as t  popul ation . 

B recc i a  ch i p .  N o  pi ts observed . Low 
c l as t  popu l ati on . 
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1 08 

1 09 

1 1 0  

l l l  

1 26 
1 27 

1 000 

l 001 

1 002 

l .  53 gm 

1 . 66 gm 

l .  54 gm 

4. 7 1  gm 

0 . 0 1  gm 
0 . 41 gm 

25 . 73 gm 
5 . 45 gm 

l Ol . 1 9  gm 

NO RETURNED  SAMPLES (>]5gm) 

1 0002 

Brecci a chi p .  No pi ts. 

Brecci a chi p .  A few pi ts present on one 
s urface. Low cl ast popu l ati on . 

Fi ne-grai ned basa l t  chi p .  Few chi ps pre
sent on two s urfaces . Ves i c les compri se 
5% of surface. 
Brecci a chi p .  Pati na present on a l l  s ur
faces . P i tti ng present on one . Large 
cl ast popu l ati on .  
> l mm Fi.nes . 

> l mm Fi nes.  

> l mm Fi nes . 

> l mm Fi nes. 

> l mm  Fi nes . 
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SAMPLE : 1 0002 , 88 

COHERENCE :  Tough 

COARSE F I NES DESCRIPTI ON 

NUHBER OF PART I CLES :  1 �IT . ( gm) : . 7 8 

SHAP E :  Angu l ar to subangu l a r  

SURFACE : 1 fracture . Sma l l amount o f  pi ts .  

COLOR: Dark gray 

MINERALOGY : B l ack opaque g l ass encl osi ng sma l l wh i te c l asts .  

REMARKS : Aphan i ti c  texture ,  equ i granu l a r ,  i s ometri c .  

-
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SAMP LE : 1 0002 , 9 3  

COH ERENCE : Tough 

1 0002 

COARSE FI NES DESCRI PTI ON 

NUMBER OF PART I CLES :  

SHAP E :  S ubangu lar  to s ubrounded 

\1/T . ( gm ) : . 1 5 

SU RFACE : Aphan i ti c  textu re . Some pati na on al l surfaces . Smal l 
number of pi ts .  

COLOR: Dark g ray 

M INERALOGY : B l ack opaq ue g l ass encl os i ng smal l whi te c l as ts . 

• 
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SAMPLE : 1 0002 , 9 4  

COARSE F INES DESCRIPTION 

NUMBER OF  PARTI CLES : 

COHERENCE : Moderate ly fri ab l e  

SHAPE : S ubangu l ar to subrounded 

59 

WT. ( gm ) : . 1 2  

SURFACE : No pi ts on any s urface . G l ass coati ng on 2 surfaces . < . 511T11 
th i ck .  

COLOR :  Li ght gray to wh i te 

�1 INERALOGY : Fi ne brecci a :  60% crushed p l agi ocl ase ,  25% matri x 
( aphani ti c ) , 1 5% dark mi neral ( pyroxene , i l meni te , b l ack 
g l ass ) 

REMARKS : Samp l e  h as h i gh cl as t popu l ati on . Resemb les  1 0056 .  Mos t ly 
p l agi ocl ase cl asts wi th matri x .  
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SAMPLE : 10002 , 95 

COHERENCE : Fractured 

SHAPE : Angul ar 

1 0002 

COARSE F I NES DESCRI PTION 

NUMBER OF PART ICLES : 2 WT. { gm ) : . 35 

SURFACE : Fracturi n g  l i ned wi th vi treous g l ass . Some pi ts on a few 
faces . 

COLOR: Medi um l i ght  to dark gray 

MINERALOGY : Mi crobrecci a :  C l as ts mostly crus hed p l ag i ocl ase . A few 
basa l t cl asts are present .  Hi gh g l ass content . 

REMARKS : Cou l d  be c l ass i fi ed as an agg l uti nate . Das i c  mi nera l oov  i s  
the same a s  1 0046 o r  1 0059 . 

r 

• 



SAMPLE : 10002 ,98 

COHE RENCE : Coherent 

1 0002 

COARSE F I NES DESCRI PTI ON 

NUMBER OF PART I CLES : 4 

SHAPE : Subang u l ar to subrounded 

6 3  

\H . ( gm ) : . 84 

SU RFACE : Surface on a l l  pi eces i s  pi tted ,  wi th no pati n a .  Some smal l 
< lmm ves i c les . Texture i s  i s ometri c ,  f i ne grai ned , equ i gran
ul ar. 

COLOR: Med i um dark gray 

MI NERALOGY : Basa l t: 50% pyroxene , 25% p l ag i ocl ase , 1 0% i lmeni te ,  1 5% 
mesos tas i s .  

REMARKS : Resemb l es 1 0057 
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SAMPLE :  1 0002 , 99 

COHERENCE :  Coherent 

1 0002 

COARSE FI NES DESCRI PTION 

NUMBER OF  PART I CLES :  1 4  

SHAPE : Angu l ar t o  subangu l ar 

SURFACE : Some sma l l p i ts ( < l mm ) on l arger pi eces 

COLOR: Med i um dark gray 

WT . ( gm ) : 4 . 28 

MINERALOGY : Mi crobrecci a :  Typ i cal matri x en cl os i ng wh i te and basa l t  
cl as ts . 

REMARKS : One ch i p  has a smal l amount  of g l ass coati ng .  
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SAMPLE : 1 0002 , 96 

COHERENCE : Tough 

COARSE FI NES DESCRIPTION 

NUMBER OF PARTI CLES : 2 WT . (gm ) : . 75 

SHAPE : Rounded to subrounded 

SURFACE : Some sma l l  pi ts on several su rfaces . No penetrati ve frac
tures . 

COLOR:  Med i um l i ght gray 

MINERALOGY : Bas a l t :  Anhedral pyroxene 65%, euhedra l  to subhedra l  p l a
gi ocl ase 25% , mesostasi s  1 0% .  
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COARSE F INES DESCRIPTION 

SAMPLE :  1 0002 , 9 7  NUMBER OF PART I CL ES :  \.JT . { gm ) : . 32 

COHERENCE : Moderately coherent 

SHAPE : Angu l ar 

SURFACE : Ro ugh . No pi ts . but pati nated on s everal s u rfaces . Surface 
has several l arge cavi ti es . 

COLOR: Medi um dark gray 

MINERALOGY : Mi crobrecci a :  Aph ani ti c g l ass matri x wi th one l arge bas a l t  
cl ast, and several areas of brown vi treous materi al . 

REMARKS : Un l i ke any other Apol l o  l l  brecci a .  Matri x structure resem
b l es 1 0002 ,88. 



SAMPLE : 1 0002 , 103  

COHERENCE : Tough 

SHAP E :  S ub 1·ounded 

1 0002 

COARS E F I NE S  DES C R I PT I ON 

NUMBER  OF  PARTI CLES : l 

65 

WT . ( gm ) : 2 .  21 

SU RFACE : I rregu l ar .  Some pati n a  i s  presen t ,  but no p i tti n g  was ob
serve d .  Some sma l l ( < l mm ) ves i c l es a re present.  

CO LO R :  Medi urn l i ght  gray 

M INERALOGY : Bas a l t :  50% brown pyroxene , 40% p l agi ocl ase ,  1 0% opaq ues . 
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SAMP LE : 1 0002 , 1 04 

1 0002 

COARSE F I NES DES CRI PTION 

NUMBER OF  PART I CLES : 

COHERENCE : Moderately fri a b l e  

SHAP E :  Subang u l a r  

l.JT . ( gm ) : l .  83 

SURFACE : Rough . P ati nati on was obs erved on a l l  s u rfaces . No  pi ts .  

CO LOR :  Medi um l i gh t  g ray 

MINERALOGY : Bas a l t : 60% b rown pyroxene ,  25% p l agi ocl as e and 1 5% 
opaques . 
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SAMP L E :  1 0002 , 1 05 

COARSE F I NES DES CRI PTION 

NUMBER  OF  PART I CLES : \H . ( gm ) : 2 .  20 

COHERENCE : F ri ab l e  

SHAP E :  S ub angu l ar 

SU R FACE : I rregu l ar .  Several  l arge pi ts present.  Some penetrati ve 
fractures . 

COLOR: fvledi um dark gray 

M I N E RALOGY : Mi crob recci a :  Typi cal b recci a matri x encl os i ng wh i te 
and b as a l t cl asts . 

REMARKS : L arge p i ts are a speci a l  feature .  

• 
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COARSE F I NES DESCRI PTI ON 

SAMPLE :  1 0002 , 1 06 NUMBER  OF PART I CLES :  

COHE RENCE : Mode rately fri abl e 

SHAP E :  S ub angu l ar 

vJT .  ( gm ) : 1 . 9 7 

SURFACE : Smooth to i rregu l ar .  Few pi ts present on  one  s u rface . 

COLO R :  Medi um dark gray 

M I N E RALOGY : Mi crobrecci a :  Typi cal brecci a matri x encl os i ng whi te 
cl as ts . 

REMARKS : Very s mal l c l ast  popu l ati on .  
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SAMPLE : 1 0002 , 1 07 

COARSE FI NES DESCRIPTION  

NUMBER OF PARTI CLES : 

COHE RENCE : Moderate ly fri abl e 

SHAP E :  S ub angu l ar 

SURFACE : Smooth to i rreg u l a r  wi th no pi ts or pati n a  

COLOR : Medi um dark gray 

6 9  

\vT . ( gm ) : . 6 5 

MINERALOGY : M icrob recci a :  Typ i ca l  b recci a matri x enc l os i ng sma l l  
whi te and bas a l t c l as ts . 

REMARKS : Sma l l  c l ast  popu l ati on . 
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COARSE FI NES DESCRIPTION 

SAMP LE : 1 0002 , 1 08 NUMBER OF PARTI CLES : 

COHE RENCE : Moderately fri ab l e  

SHAPE :  Angu l a r  to subang u l a r  

W T .  ( gm ) : l . 53 

SU RFACE : I rregu l a r  to rough . Some pati na  i s  present b ut no pi ts .  

COLOR :  Med i um dark g ray 

MINERALOGY : Mi crobre cci a :  Typi cal  bre cc i a matri x enc l os i ng smal l �1h i te 
and basal t c l as ts . 

REMARKS : Sma l l gl ass s pheru l es present on s u rface i ns pecti on . Smal l 
c l as t  p opu l ati on . 
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SM1PLE : "1 0002 , 1 09 

COARS E F I NES DESCR I PTION 

NUMBER  OF PART I CL ES : \H . ( gm ) : 1 . 66 
COHERENCE : Moderate ly  fri abl e 

SHAPE : S ub angu l ar 

SU RFACE : Smooth to i rregu l ar .  A few pi ts are present on one s u rface . 

COLOR: ME�di urn  dark g ray 

M INERALOGY : M i crob re cci a :  Typi ca l  brecci a matri x encl os i ng sma l l  
wh i te and bas al t c l as ts .  

REMARKS : Sma l l  c l as t  popu l ati on 
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SAMP LE :  1 0002 , 1 1 0 

COH ERENCE : Tou gh 

SHAPE :  An gu l ar 

1 0002 

COARSE F I NES DESCRI PTI ON 

NUMBER OF PARTI C LES : 1 WT. ( gm } : 1 . 54 

SU RFACE : I rreg u l ar .  Few p i ts present on two s u rfaces . 5% ves i c l es 
s u rface coverage . 

COLO R :  Med i um l i g h t  gray 

M I N E RALOGY : Bas a l t :  Aph an i t i c  pyroxene , p l ag i ocl ase and i lmen i te .  
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SAMPLE : 1 0002 , 1 1 1  

COARSE F I NES DESCRI PTION 

NUMBE R  OF PARTI CLE S :  

COH E RENCE :: Moderate ly fri ab l e  

SHAPE : S ub ro unded 

73 

WT . ( gm ) : 4 .  7 1  

SURFACE : I rreg u l a r  to rough . Pati na  present on al l s u rfaces . Pi tti ng 
i s  p resent on one . 

COLOR:  Medi um dark g ray 

M INE RAL OGY : Mi cro b recci a :  Typ i cal  b recci a matri x encl os i ng wh i te ,  
b as a l t and g ray cl as ts . 

REMARKS : Large c l as t  popu l a ti on 
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RETU RNE D  SAMPLES : None 

CHEM I CAL ANALYSES 

Number of 
El ement Ana l.z::ses Mean Uni t s  

Ti 02 7 . 01 0 PCT 

FeO 1 5 . 95 PCT 

CaO 1 2 . 03 PCT 

K20 2 . 1 30 PCT 

H 1 . 84 CC/G 

Th l .  92 PPM 

u . 49 PPM 

c 2 21 0 . 0  PPM 

N 1 25 . 0  PPM 

s . 1 07 PCT 

Ana lysts : Stoenner et a l .  , ( 1 97 0)  ; 0 '  Ke 1 1  y et a l .  , ( 1 97 0 )  ; 
( 1 97 0 ) ; Kapl an et a 1 . , ( 1 970) ; Moore et al . ,  ( 1 97 0 ) . 

No Age References 

Range 

0 

0 

0 

. 0 1 2 

0 

0 

0 

40 . 0  

0 

0 

Stoenner et a 1 . , 



1 0003 , 0  

Ori � i n a 1  PET Photo 
( S-69-451 93 )  

1 0003 , 25 

( S -76-25546 ) 

7 5  
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1 0003 

Sampl e 1 0003 i s  a Cri s toba l i te Bas a l t  wh i ch ori gi nal ly  wei ghed 2 1 3  gm, 
and measured 7x4 . 5x3 . 5  em . I ts shape was ori g i na l ly descri bed by PET 
as subangu l ar to b l ocky , w i th i ts col or be i ng l i ght brown to " sal t and 
pepper" . Samp 1 e was returned i n  the Documented Samp 1 e ALSRC ( #1 004 ) . 

B I NOCULAR DESCRI PTI ON BY : Kramer DATE : 6/09/76 

ROCK TYPE : Cri s tobal i te basal t SAMPLE : 1 0003 , 1 2  WE I GHT : 1 9 . 5  gm 

COLOR : L ight brown to sa l t  & pepper 

SHAPE : Subrounded 

DI MENS I ONS : 3 x 2 x 1 . 5 em 

COHERENCE : I ntergranu l ar - coherent 
Fractu ri ng - absent 

FABRI C/TEXTURE : I sotropi c/ Equi granul ar 

VARIAB I L ITY :  Homogeneou s 

SURFACE : S l i ghtly granul ated ; sp l attered wi th vari ous g l asses and 
covered wi th pi ts ( PET) 

ZAP P ITS : Few; s i ze range of l mm ( PET) 

CAVITI ES : 5% of surface covered wi th vugs . Many are l i ned wi th 
pl agi ocl ase . 

COMPONENT COLOR 

Pyroxene 1  Res i nous 
brown to 
bl ack 

P l agi ocl ase2 Mi l ky 

I l men i te3 Metal l i c  
bl ack 

% OF 
ROCK 

50 

40 

1 0  

SHAPE 

Equant 

Lath l i ke 

Vari able 

S I ZE ( MM) 
DOM . RANGE 

0 . 3  0 . 1 -0 . 5  

0 . 3  0 . 1 -0 . 5  

0 . 2  0 . 05-0 . 3  

1 )  Two types ; amber and dark brown { approxi matel y 50 -50 di stri buti on )  
2 )  Domi nant i n  vugs 
3) I denti fi ed by cl eavage and l us ter 



SECTION 1 0003 .49 

TH I N  SECTION DES CR I PTION 

SECTION : 10003 . 49 

1 0003 7 7  

W idth of fi el d :  1 . 39 mm pl ane l i ght 

BY : Wal ton DATE : 6/09/76 

SUMMARY : ME!di um-gra i ned suboph i ti c b asal t composed of cl i nopyroxene .  
bra generati ons o f  pl agiocl ase . i l meni te with subord inate 
cri stoba l i te and mesostas i s . Large su bhedral to anhedral 
crysta l s  of cl i nopyroxene fonn an i nterl ocki ng network wi th 
euhedral tabl ets of p1agi ocl ase and s ubhedral i l meni te . Many 
of the i l meni te crysta l s  are somewh at s kel eta l i n  thei r de
vel opment . 

PHASE % OF S E CTION SHAPE S IZE (MM ) 
Pyrex 44 Subhedral to anhedral 0 . 2-0 . 3  
P l ag 30 Euhedra 1 to anhedral 0 . 01 -0 . 1  

Opaq 20 Subhedral to skel eta l 0 . 02-0 . 1 5  
Cri s 3 Anh edral 0 . 1 -0 .  5 
Meso 3 I rregu l ar  0 . 001 -0. 1 
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COMMENTS : 

Pyroxene - The cl i nopyroxene forms l arge l i ght  brown subhedral to 
anhedral crystal s .  The crystal s form an a lmost continuous i nter
l ocking array wi th the other phases present as i ntersti t ia l  mem
bers or as part of the array . Many of the crystal s show some re
acti on has taken pl ace between phases . Many of the crystal s are 
zoned and have uneven extincti ons . A wel l -devel oped cl eavage 
pattern i s  present i n  many crystal s .  A few crystal s show s impl e 
twi nn i ng . More than one type of pyroxene may be present i n  the 
rock . 

P l agi ocl ase - Two di sti nct types of pl agi ocl ase occur i n  the rock . 
The fi rst type occurs as euhedral tabl ets whi ch appear as rec
tangul ar sh arp crystal s i n  the secti on . Twi nni ng i s  sharp and 
the crystal outl i n e  i s  wel l  defi ned . 

The second type  of crysta l s formed are l arger i l l - defi ned anhe
dral masses whi ch form i nterst iti al ly  to the crystal l i ne phases . 
The twi nning i s  poorly defi ned and exti ncti ons are i rregul ar. 

Many of the first type a re grouped i nto somewhat radi ati ng masses 
within  the rock . These groups are somewhat i sol ated i n  the py
roxene array and tend to form l ocal i zed concentrati ons . 

Opaques - The crystal s of i l men i te i n  the rock form subhedral to 
al most euhedral crystal s wi th some s kel etal devel opment .  Many 
crystal s have several d i scernabl e  forms present i n  the same crys 
tal . Many crysta l s  have ruti l e  and chromi te exsol utions . A 
majori ty of the crystal s  are more or l es s  equan t .  Smal l  rounded 
masses of arma l co l i te are present i n  a few crys tal s .  

Sma l l  rounded mas ses of tro i l i te and tro i l i te with i ron-n i ckel 
are al s o  present in the rock .  These masses are randomly scattered 
throughout the rock . 

Cri s tobal i te - Smal l anhedral masses of cri stobal i te occur as i nter
sti t i al masses i n  the crysta l l i ne network. I t ,  together with 
the brown g l as s -rich  mesostas i s  and the anhedral pl agi ocl ase 
form al l the voi d  fi l l i n g  phases . 

TEXTURE : Medi um-grai ned subophi tic basal t cons i sti ng of an i nter
l ocking network of subhedral pyroxene , smal l euhedral tabl ets of 
pl agiocl ase and subhedral i lmeni te crystal s .  Large anhedral 
pl agi ocl ase crystal s ,  anhedral cri stobal i te and mas ses of mesos 
tas i s  occur i ntersti ti al ly to the crys tal l i ne network . Troi l i te 
masses occur both as i nclus i ons i n  the pyroxene and associ ated 
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wi th the mesostas i s .  

Sel ected References : Ros s  et al . ( 1 970) . Haggerty et a l . ( 1 970 ) . 

H I STORY AND PRESENT STATUS OF  SAMPLES - 1 0/4/76 

l 0003 was the fi rst rock removed from the bul k samp 1 e box i n  the vacuum 
l aborato 1ry . I t  was sent for gamma-ray counti ng al mos t  immedi ately ,  re
turned to Vac Lab and chi pped for PET . It  was sawed and ch i pped i n  SPL 
for a l l ocati on . 

PRI STINE SAMPLES (a 1 1  VAC-RCL -VAC-SPL-SSPL ) 

9 9 . 33 gm Ch i p .  One sawed surface . One s urface wi th 
l /2 cm2 gl assy s patter. Al l others appear 
fresh .  

1 2  1 9 . 55 gm Ch i p .  One l unar exposed surface . Al l others 
appear fres h .  

25  1 1 7 . 00 gm P i ece . P i tted on T ,  N .  Pati na on W face . Al l 
others fres h .  5 .4x3x4 .4 em . 

1 34 l .  22 gm Chi ps and fi nes . Largest chi p i s  l em . 

1 35 3 . 70 gm 3 ch i ps .  Largest two have two l u nar exposed 
surfaces each . Smal l es t  ch i p  i s  fres h .  

1 36 0 .  l l  gm Chi ps and fi nes . 

RETuRNED SAMPLES 

38 4 . 544 gm l l arge ( 2x l . 5xl . 5cm ) chi p  wi th four s awed 
faces pl us two sma l l er ch i ps .  No pi ts ob-
served . 

74 5 . 39 gm Chi p .  Three sawed faces . No p i t s . 
l . 7xl . 5xl . 5  em . 

1 1 9  3 .  234 gm Chi p .  l . 3xl . 2xl  em . Two s awed faces . No 
p i ts . 
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CHEMICAL ANALYSES 

Number of 
E lement Analyses Mean Uni ts Range 

S i 0 2  3 38 . 62 PCT 1 .  96 
Al 203  4 1 0 . 32 PCT 1 .  36 
Ti02 3 1 1  . 4 5  PCT 1 . 5  
FeO 3 1 9 . 76 PCT . 1 2  
MnO 4 . 29 PCT . 1 08 
MgO 3 7 . 33 PCT 1 . 43 
CaO 3 1 1 . 25 PCT . 61 
Na20 4 . 51 0 PCT . 486 
K20 8 . 054 PCT . 01 0  
P20s 1 . 1 2  PCT 0 
Li 1 9 . 0  PPM 0 
Rb 3 . 7 1 0  PPM . 5  
Cs . 022 PPM 0 
Be 1 . 5  PPM 0 
Sr 3 1 53. 97 PPM 9 . 2  
Ba 3 1 62 . 0  PPM 1 1 4 . 
Sc 2 84 . 0  PPM 20. 0 
v 2 72. 5 PPM 1 9 . 
Cr203  3 . 25 PCT . 069 
Co 2 1 4 . 55 PPM . 9 
Ni 2 . 70 PPM 0 
Cu 1 6 . 7  PPM 0 .  
y 2 1 1 2 . 5  PPM 1 . 0 
Zr 3 41 6 . 33 PPM 251 . 
Nb 1 2 1 . 0  PPM 0 
Hf 1 1 . 6 PPM 0 
La 4 1 4 . 32 PPM 1 . 5 
Ce 3 41 . 27 PPM 8 . 5  
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CH EM I CAL ANALYSES 

Number of 
E l ement .lma l,lses Mean · Uni ts Range 

Nd 2 40 . 4  PPM 4 . 2  
Sm 3 1 3 . 37 PPM l . O 
Eu 3 1 . 80 PPM . 08 
Gd 2 1 8 . 0  PPM 2 . 0  
Tb 2 3 . 38 PPI'-1 . 24 
Dy 2 22 . 0  PPM . 8  
Ho 2 3 . 85 PPM . 3  
Er 2 1 2 . 7  PPM 1 . 4 
Yb 3 l 3  . 4  PPM 3 . 4  
Lu 3 1 . 77 PPM 1 . 62 
Th 5 l . Ol PPM . 2  
u 5 . 27 PPM . 060 
Ga l 4 . 7  PPM 0 
Pb . 495 PPM 0 
0 38 .  l PCT 0 
s . 1 8  PCT 0 

Analys ts : Compston et a l . ,  ( 1 970 ) ; Ehmann & Morgan ,  ( 1 970) ; Rose  et al . ,  
( 1 970) ; Gol es et al . ,  ( 1 970 ) ; Anne l l & He l z ,  ( 1 970) ; Gast et al . ,  ( 1 970) ; 
O ' Kel ly  et al . ,  ( 1 970 ) ; Perk i n s  et al . ,  ( 1 970 ) ;  Boch s l er et al . ,  ( 1 97 1 ) ;  
Eberhardt et al . ,  ( 1 97 1 ) ;  S tettl er et al . ,  ( 1 974 ) ;  Has k i n  et al . ,  ( 1 970) ; 
Tatsumoto ( 1 970) ; Wri g l ey & Qua i d e ,  ( 1 970) . 

Age References : Eberhardt ( 1 97 l b ) ; Tu rner ( 1 970 ) ; H i ntenberger et a l . ,  
( 1 971 ) ;  Stettl er et al . ,  ( 1 974) ; O ' Kel ly  et al . ,  ( 1 970 ) ; Bosch l er ( l 97 l b ) ; 
Perk ins  ( 1 970) ; Tatsumoto ( 1 970) . 
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.; II 7 • t  I ll 

0 0 0 4-
1 0004, 0  

Ori g i nal  PET Photo 
(S-69-45536 ) 

1 0005, 0  
Ori g i nal  PET Photo 

( S-69 -45048) 
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1 0004 

Samp le  1 0004 cons i sts of soi l materia l  which came from the second dri ve 
tube . I t  was taken from a 1 a;a ti on 20 feet northwest of the Lunar 
Modu l e  ( L�1) . I t  penetrated to a depth of  1 3 . 5  em , .  recoveri ng  44 . 8  gm 
of materi ct l . 

1 0004 was opened i n  the B io-Prep Lab . 
teri al  i ns i de the dri ve tube had moved 
proper p l atcement of a Teflon fol l ower. 

It was determi ned that the rna
substant ia l ly  due to the i m-

Due to the b i o logi ca l  testing duri ng the Lunar quarantine ,  one-hal f of  
the dri ve tube materi al  was removed for study. As a resu l t ,  l i ttl e 
observati onal data exi sts as i t  was nei ther x-rayed nor d i s sected . I t  
was reported that 1 0004 had a s l i ghtly l i ghter 2-5mm th i ck zone about 
6 em from the top of the core , which had a sharp upper b oundary and a 
gradational l ower boundary .  

Duri ng PET exami nation , s ome o f  the materi al i n  1 0004 was s i eved ( Fi g .  
1 5 ) .  However,  the amount of materi al s i eved i s  unknown and the s i eve 
fracti ons obtai ned have been consumed i n  b i o l og i cal  experiments . 

H I STORY AND PRESENT STATUS OF SAMPLES - 1 0/6/76 

10004 was removed from the ALSRC 1 004 i n  the Vac Lab . I t  was then 
trans ferred to the B i o- Prep Lab where i t  was opened and a 1 1  oca ted to 
the B i o  Pool . 

0 1 4 . 954 gm Core remai nder. Vac-BP 

1 5  0 . 1 57 gm Fi nes . Vac-BP 

1 6  0 . 1 57 gm Fi nes . Vac-BP 

37 2. 1 5  gm Core overfl ow. Vac-BP 

38 0 . 44 gm Fi nes . Vac-BP 

Returned Samp les - The l argest returned s amp le  i s  ,37 ( 2 . 1 5gm ) .  The 
res t  are l ess than l gm in wei ght .  
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CHEMI CAL ANALYSES 

Number of 
E l ement Analyses Mean Un i t s  Range 

FeD 5 1 5 . 49 PCT l .  1 6  

MnO 5 . 209 PPM . 01 3  

L i  2 1 9 . 0  P PM 2 . 0  

Os 2 . 01 6  PPM . 01 6  

Hg 3 . 0  PPB 0 
u 3 5 . 47 PPM 1 0 . 8  

Te 1 . 1 PPM 0 

F 2 372 . 5  PPM 295 . 0  

C l  2 27 . 5  PPM 2 1 . 0  

Br 1 . 048 PPM 0 

Analysts : F i nkel et al . ,  ( 1 971 ) ;  Reed & Jovanovi c ,  ( 1 97 1 ) ;  Reed et a l . ,  
( 1 97 1  ) .  

No Age References 
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1 0005 

Samp l e  1 0005 cons i sts of rego l i th materi a l  whi ch came from the fi rst 
dri ve tubE!, The s amp l e  was taken approximately 1 0  feet from the second 
dri ve tube , 1 0004. ( Both were approx ima te ly  20 feet northwest of the 
Lunar Modul e . )  I t  penetrated to a depth of l Ocm , recoveri ng 53. 4 gm 
of materi a l . 

Li ke l 0004 , i t  was opened i n  the Bi o-P rep Lab where one-ha l f  of the 
samp l e was removed for b i o l og i cal test i ng .  I t  was not x-rayed or di s 
sected.  There was no  evi dence , however ,  o f  s trati graphi c d i s turbance 
caused by movement of the materi a l  i ns i de the dri ve tube. I t  s howed 
weak coher·ence and was fractured i n  p la ces . 

Duri ng PET exami nati on , s ome of the materi al  i n  1 0005 was s i eved ( f i g .  
1 5 ) .  However , the amount of materi al  s i eved i s  unknown and the s i eve 
fracti ons obta ined have b�en consumed i n  B i ol ogi ca l  experi ments . 

HI STORY AND P RESENT STATUS OF  SAMPLES - 1 0/ 1 3/76 

1 0005 was removed from ALSRC #1 004 i n  the Vac Lab. I t  was then 
transferred to the Bi o-Prep Lab where i t  was opened and a l l ocated to 
the Bi o-Poo 1 .  

PRISTINE SAMPLES 

0 

6 

54 

5o 798 gm 

0, 1 8  gm 

0 .80 gm 

Core remai nder VAC-BP -SSPL 

F i nes VAC-BP -SSPL 

F i nes VAC-BP -SSPL 

The l arges t  returned samp l e  i s  , 33 ( 1 2 . 378 gm ) . The res t  are l es s  
than l gm i n  wei ght. 
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CHEM I CAL ANALYSES 

Number o f  
E l ement Analyses Mean Uni ts Range 

Al 203  1 3 . 98 PCT 0 

T i 02 8 . 0 1 PCT 0 

FeO 5 1 5 . 98 PCT 1 . 8 

MnO 4 . 21 3 PCT . 006 

CaO 1 1 2 . 31 PCT 0 

Na20 1 . 44 1  PCT 0 

Ba 1 1 40 .  PPM 0 

Sc l 62 . PPM 0 

v 66 . PPM 0 

Cr203  1 . 297 PCT 0 

Co  l 32 . 0  PPM 0 

Zr 1 340 .  PPM 0 

Hf l 8 .  PPM 0 

La l 1 5 . 5  PPM 0 

Sm l l . 9 PPM 0 

Eu 2.  l PPM 0 

Yb  l l . l PPM 0 

Lu 1 . 6 PPM 0 

Th . 8  PPM 0 

Ana l ysts : Wa k i ta et a l .  , ( 1 970 ) ; F i n ke 1 et  a l .  , ( 1 97 1  ) .  

No Age References 
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1 0008 

1 0008 was the gener ic  number g i ven to the Bi o-Pool fi nes from the Doc
umented Samp l e  ALSRC . It  was separated from the rocks i n  the Vac Lab 
and transferred to PCTL for sp l i tt ing and al l ocati on . 

PRISTINE  SAMPLES 

5 

9 

5 . 1 0  gm 

0 . 01 5  gm 

NO RETURNED SAMPLES 

F i nes . VAC - PCTL - SSPL 

F i nes . VAC - PCTL - SSPL 

NO CHEMICAL ANALYSES OR AGE DATES 
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1 0009 . 0  
Di sp l ay Photo 
(S-72-41 336 ) 

1 0009 . 0  
( S-75-3 1 1 08 )  
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1 0009 

Samp l e  1 0009 i s  a mi crobrecc i a  which ori gi na l ly  wei ghed l l 2gm , and 
measured 5 x 5 x 4 em . Samp l e  i s  medi um dark grey i n  color and h emi 
pyramidal i n  shape. Sampl e was returned in ALSRC 1 004 ( Documented 
Samp l e  Contai ner) . No PET descri ption was generated for th i s  s ampl e .  

B I NOCULAR DESCRIPTION BY : Twede l l DATE : 9-4-75 

ROCK TYP E :  Mi crobreccia SAMPLE : 1 0009 ,0  WE IGHT : 95gm 

COLOR: Med i um dark grey 

SHAP E :  Herni - pyrami dal , i rregu l ar 

COHERENCE : I ntergranu l ar - fri ab l e  
Fracturi ng - absent 

DIMENS IONS : 5 x 5 x 4 em . 

FABRI C/TEXTURE : Ani s otropi c/Mi crobrecci a  

VARIAB IL ITY : Homogeneous 

SURFACE : Hackl y ,  has appearance of a s hatter cone . 

ZAP PITS : Gl assy s pl i tting on surface , but no apparent p i ts .  

CAVITIES : Absent 
% OF S I ZE (MM ) 

COMPONENT COLOR ROCK SHAPE DOM . RANGE 

Matri x Med . Dk . Grey 98% Irregu l ar 

Wh i te C l ast Wh i te 1 %  Rounded . 1 5mm . l -2mm 

Sa l t  & Pepper Bl k .  & Wh . 1 %  Rounded . 5J'llll1 . 1 - l mm 

SPEC IAL FEATURES : The hack ly s urface seems to project from a po i nt .  
Sampl e i s  probably a shatter cone . 
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SECTI ON : 1 0009 ,7  W idth of F i el d : 2 . 72mm p l ane l i ght 

TH IN  SECTION DESCRI PTI ON BY : Wal ton DATE : 6/22/76 

SUMMARY : Hi ghly devi tri fied typi cal brecc i a  wi th a h i gh g l as s-cl ast 
content. Some anorthros i ti c  c l a sts are present  and conta i n 
sma l l  anhedral pyroxene crysta l s .  L i th i c  cl asts are rel a
ti vely rare . 

Matri x 4 1%  of Rock 

Phase % Section 

Dark brown 1 00% 

Shape S i ze (mm) 

< 0 . 001  

Comments 

Abundant cryptocrys
tal l i ne phases , di s 
conti nuous 

Mineral Cl asts 2 1 %  Rock 

Phase Rel ative Abundance 

C l  i nopyroxene1  Very abundant 
P l agioc l ase2 few 
Opaques 3 few 

Shape 

Angu l ar 
B l ocky 

B l ocky to Skel etal 

S i ze (mm) 

0 . 001 -0 . 3 
0 . 001 -0 . 05 
0 . 001 -0 . 08 
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1 )  Poor opti ca l  properti es ;  approxi mately 85% of cl asts 
2)  Few scattered ; poorly formed approxi mately 5% of c l asts 
3 )  Most i n  cl asts ; few i sol ated b l ocky ;  1 0%  of cl asts 

� 
Smal l 
Large4 

4) a .  

L i th i c  C l ast s  1 7% of  Rock 

Rel at i ve Abundance Shape S i ze ( mm ) 
Very abundant Rounded to i rregu l a r  0 . 001 -1 . 0  
Two present I rregu l a r  >1 . 0  

Coarse-grai ned basal t w i th l a rge pyroxene crysta l s ,  tabu l ar 
pl ag iocl ase w i th mi nor i l men i te .  

9 1  

b .  Polygranul ar p l agioclase wi th smal l o l i vi ne/pyroxene crystal s ;  
typi cal  anorthos i t ic  fragment .  

Gl ass Cl asts 2 1 %  o f  Rock 

Rel at i ve Abundance Shape S i ze (mm) 

Yel l ow-orange 5 Very abundant 

Col orl ess 6 few 

Brown orange7 few 

Spheri cal to i rregu l ar 0 . 001 -0 . 4  

Angul ar 0 . 001 -0 . 1  

I rregu l ar 0 . 1  -0 . 4  

5 )  Mostly s pher ical ; partly dev i tri f i ed 
6 )  Some devi tri fi cati on 
7) Some crystal fragments i nc l uded 

H I STORY AND PRESENT STATUS OF SAMPLES - 1 0/7/76 

1 0009 was not sp l i t  duri ng early proces s i ng i n  the Vac Lab or SPL .  
It was fi rst s ubdi vi ded i n  SSPL on  9-5-75 duri ng re-exam i nati on . 
PRISTI NE SAt-'IPLES : 

2 

90. 77 gm Rock .  See b i nocu l ar descri pti on . 

1 2 .  1 9  gm 

7 . 39 gm 

Three ch i ps .  No p i ts were observed on 
any , but coul d have eas i l y  b een eroded 
away . The l a rgest ch i p  has one vuggy 
gl ass s urface .  

Ch i ps and fi nes . No  p i ts observed on any 
ch i ps .  

NO RETURNED SAMPLES . 

NO CHEMI CAL ANALYSES OR AGE DATES . 
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1 0010  

1 00 10  was the generic  number ass i gned to the Conti ngency Sampl e .  The twel ve 
rocks , >1 em or s o ,  i n  the conti ngency samp l es were ass i gned new gener i c num
bers ( 1 0021 through 1 0032 , Tabl e  2 ) . About 1 06 gm of the 491 gm of fi nes re
mai n i n g  were s i e ved . I n  l ate 1 969 about 3g3 gm of 1 001 0 was renumbered 1 0084 
( the samp l e  number for < 1  mm fi nes from · the bul k  sampl e ,  1 0002 ) . In 1 977 
these samp l es were changed back to 1 001 0 i n  the subsamp le  range 66 through 
1 25 ,  see be low .  

PRI STINE SAMPLES :  (A l l PCTL - SSPL ) 

7 0 . 60 gm Fi nes . 

1 0  30 . 26 gm Fi nes . 

1 9  0 . 1 1  gm 1 sma l l  anorthosi te brecci a chi p .  Some sma 1 1  
dark c l asts ( may be pyroxene) . 

22 0 . 1 46 gm 2 sma l l basal t ch i ps . Largest chi p  i s  aphanti c 
i n  texture , the smal l chi p  has a coarser grai n .  

27 0 . 83 gm Fi nes . 

39 42 . 41 gm F i nes . >60 <35 mes h .  

40 34 . 98 gm F i nes . > l OO <60 mesh . 

41 3 . 63 gm Fi nes . >200<1 00 mesh . 

45 0 . 04 gm F i nes . 

50 0 . 43 gm Fi nes . 

55 0 . 49 gm Fi nes . 

56 1 . 30 gm Fi nes . 

66 36 . 35 gm Fi nes . 

67 5 5 . 66 gm F i nes . 

68 40 . 0 5  gm F i nes . 

69 64 . 23 gm Fi nes . 

70 45 . 27 gm Fi nes . 

71 0 . 65 gm Fi nes . 

72 37 . 38 gm Fi nes . 

73 0 . 82 gm Fi nes . 
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76 1 . 50 gm F i  r. ·�s . 

80 0 . 50 gm Fi ne s  

8 1  0 . 50 gm Fi n(; - . 

82 0 . 54 gm fCi nF ; .  

83 0 . 54 gm " i nes . 

84 0 . 53 gm F i ! ' 2 S  
85 0 . 52 gm r- I :H7S . 

86 0 . 55 gm Fi nec _ 
87 0 . 56 gm Fi nes . 

88 0 . 52 gm Fi nes . 

89 0 .  51 gm F "  . 1 nes . 

90 0 . 49 gm F � nE :, . 
91 0. 51 gm F- ' n c: . 

92 0 . 57 gm Fi re<; . 

93 1 .  03 gm F ; lc' '> • 
94 1 . 02 gm F ,  r··�s . 

95  1 . 02 gm F i , es . 

96 1 .  01 gm r : n e ·:; .  

97 0 . 98 gm f �  r,es 

98 1 .  00 gm F i  r,es . 

99 1 . 00 gm F i nes . 

1 00 1 . 06 gm F ;  n c ·; . 

1 0 1 1 . 02 gm F i  ��es . 

1 02 1 . 02 gm Fi nes . 

1 03 1 . 02 gm F i ne s .  

1 04 1 . 00 gm F i nes . 

1 05 0 . 50 gm Fi nes . 

1 06 0 . 50 gm Fi n>�s . 

1 07 1 .  99 gm Fi nes . 

1 08 2 . 0 1 gm Fi nes . 

1 09 2 . 01 gm Fi nes . 

1 1 0  1 .  99 gm Fi nes . 
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1 1 1  1 .  99 gm Fi nes . PCTL-BP-SSPL 

1 1 2  2 . 0 1  gm F i nes . P CTL-BP-SS P L  

1 1 3 2 . 00 gm Fi nes . PCTL-BP-SSPL 

1 1 5  2 . 0 1  gm Fi nes . PCTL-BP-SSPL 

1 1 6  1 . 99 gm Fi nes . PCTL-BP-SSPL 

1 1 7  1 . 99  gm F i nes . PCTL-BP-SSPL 

1 1 8  2 .  01  gm Fi nes . PCTL-BP-SSPL 

1 1 9  2 . 00 gm Fi nes . PCTL-BP-SSPL 

1 20 2 . 00 gm Fi nes . P CTL-BP-SSPL 

1 21 2 . 00 gm Fi nes . PCTL-BP-SSPL 

1 22 2 . 00 gm Fi nes . PCTL-BP-SSPL 

1 23 2 . 00 gm F i nes . PCTL-BP-SSPL 

1 24 2 . 04 gm Fi nes . PCTL-BP-SSPL 

1 25 1 . 96 gm Fi nes . PCTL-BP-SSPL 

RETURNED SAMPLES : 

74 1 6 . 699 gm Fi nes . 

NO CHEMI CAL ANALYSES OR AGE DATES . 
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1 00 1 1 

1 00 1 1 was the generi c assi gned to a part of the  fi n es recovered from 
the Documented Samp l e .  They were genera ted as a res u l t  of the crumb l i ng 
and spal l i ng o f  the Documented S ampl e rocks i n  the Vac Lab . 

H ISTORY AND PRESENT STATUS OF  SAMP LES 7 I l /76  

1 00 1 1 was returned in  ALS RC #1 004 ( Documen ted Samp l e  Conta i ner)  and 
proces sed in the Vac Lab . I t  was re-exami ned i n  S S P L .  There i s  no 
evi dence of proces s i ng i n  other l aboratori es . 

P RI STI NE SAMPLES ( Al l  VAC-SSPL ) 

6 0 . 57 gm Brecc i a  ch i ps 

7 0 . 27 gm Brecc i a  ch i ps 

1 1  0 . 59 gm Fi nes . 

1 4  0 .  72  gm Fi nes . 

1 5  0 . 43 gm Fi nes . 

1 7  3 . 99 gm F i nes . 

28 25 . 1 4  gm Fi nes . 

32 20 . 20 gm Sma 1 1  brecci a 

NO  RETURNED  SAMPLES ( > 5  gm) 

NO CHDH CAL ll.NALYS ES OR AGE DATES 

a nd fi nes . 

and  fi nes . 

ch i ps and fi nes . 
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1 001 5 

1 001 5 was the generi c number assi gned to the l unar materi al  recovered 
from the Gas Reacti on Cel l  when the samp l e fi rst en tered the vacuum 
system of the LRL . 

PRI STI N E  S AMP LES : 

1 7  0 . 02 gm Fi nes . 

21 0 . 01 gm Fi nes . 

28 0 . 1 0  gm Fi nes . 

29 0 . 0 1 gm F i nes . 

NO RETURNE D  SAMPLES 

NO CHEMI CAL ANALYSES OR AGE DATES 



1 001 7 , 0  

Ori gi na l  PET Photo 
( S -69 -45783) 

2 em 
L..L....J 

9 7  
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1 001 7 

( S-75-202 1 2 )  

* SAO - Samp le  Arbi trary Ori entati on 
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1 00 1 7 

Samp l e  1 001 7 i s  a ves i cu l ar basal t whi ch ori g i nal l y  we i ghed 973 gm , and 
measured l 6x l l x6 em . The sampl e i s  descri bed as bei ng b l ack and whi te 
on fresh su rfaces to steel grey on s awed . Sampl e was returned i n  ALSRC 
#1 004 ( Documented Samp l e  Conta i ner) . 

B I NOCULAR DESCRI PTIONS 

ROCK TYPE : Ves i cu l ar basa l t 

BY : Kramer 

SAMPLE : 1 00 1 7 , 1 5  

DATE : 8/ l /75  

WE IGHT : 1 97 . 4  gm 

COLOR : Finely Sal t and Pepper (fresh )  D IMENS I ONS : 8x6x4 . 5  em . 
Stee l Grey ( s awed ) 

SHAPE : Sub-rounded 

COHERENCE : I ntergranul ar - coherent 
Fracturi ng - Two l arge penetrati ve fractures paral l el to 

E 1 -W 1 • S l i ght non-penetrati ve fracturi ng  
para 1 1  e 1 to T 1 -B  1 • 

FAB RI C/TEXTURE : I sotropi c/Equi granu l ar 

VARI AB IL ITY :  There i s  some di fference i n  rel ati ve  abundances of the 
vari ous mi neral components from pl ace to p l ace wi th i n  
the sampl e .  

SURFACE : I r regu l ar  ( both fresh and exposed ) 

ZAP P ITS :  F':!w on E 1 ,  S 1 ;  l -3mm di ameter ( PET) 

CAVITI ES :  1 5-20% of fres h su rface covered by sma l l ( <2mm) vugs . The 
vugs are g l ass -l i ned and approxi mately l /3 are i rregul ar i n  
shape . 

% OF S I ZE ( MM)  
C0�1PONENT COLOR ROCK SHAPE DOM . RANGE 

Pyroxene 1 Light Honey 40 Equant . 2 . 01 - . 3  
Yel l ow 

Pl agi ocl ase Mi l ky Wh i te 40 Lath l i ke . 6  . 2- . 8  
I l meni te B l ack 1 5  Equ ant . 2 . 1 - . 4  
Mesostas i s 2  B l ack 5 -- - -- - --- - - -- - - - -- -
1 )  Di ffi cul t to di stingu i sh from pl agi ocl ase on col or . 
2 )  Di ffi cul t to  d i st ingui sh from fi ne-grai ned i l men i te .  
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SECTION 1 00 1 7 , 82 

TH IN  SECTION DESCRI PTION 

SECT ION :  1 00 1 7 , 82 

W i dth of fiel d 2 . 22 �m p l ane l ig ht  

BY : Wal ton DATE : 6/1 9/75 

S UMMARY : 

PHASE 

Pyrex 

P l ag 

Opaq 

Meso 

Fi ne-grai ned , poi ki l i ti c ,  ves i cu l ar basal t composed of cl i no
pyroxene , p l agi ocl ase , two generations of i l meni te and s ubor
di nate opaques and mesostas i s .  The pyroxene and i l meni te crystal s 
are much fi ner than the crystal s of the p l a g i ocl ase . The major
i ty of al l the crys tal s are anhedral . Some preferred ori entati on 
i n  the pl agiocl ase crystal s i s  present . 

% OF SECTION SHAPE S I ZE {MM) 

44 S ubhedral to anhedral 0 . 04 -0 . 1 2  
24 Tabu l ar to anhedral 0 . 2-2 . 0  

24 Subhedral to anhedral 0 . 03 -0 . 1  
8 I rregul ar ------ -



1 001 7 1 01 

COMMENTS : 

Pyroxene ·· Pal e brown to nearly cl ear anhedral crystal s of cl i no
pyroxene surround the l arge pl agi ocl ase crystal s .  Some smal l er 
euhedra l crys tal s are found wi th i n  a few of the crysta l s  of pl a
gi ocl ase . Some zon i ng i s  present , but  it  i s  not pronounced . 
Some smal l subhedral crystal s exh i b i t  cl ear cl eavage traces , 
s impl e twi nn i ng, and appear to have formed at a di fferent stage 
of crysta l l i zation from th e majori ty of the cl i nopyroxene . 

Pl agi ocl ase - Smal l  tabu l ar crystal s  of p l ag ioc l ase form di sti nct 
groupi ngs , whi l e  the majority of the pl ag i ocl ase ,  i n  the sect i on ,  
forms anhedral crystal s i n  the i nters terc ies formed by the pyro
xene-i l meni te network . Twi nn i ng  i n  the crystal s i s  common and 
pronounced . 

Opaques - Two generati ons o f  i lmen i te occur i n  the sect ion .  The 
fi rst forms smal l l ath-l i ke to skel etal l ath-l i ke crystal s .  The 
second type forms l arge , bl ocky , anhedra l  crystal s whi ch have a 
s i eve texture and many re-entrants wh i ch are fi l l ed by the two 
s i l i cate mi neral s .  

I s ol ated mas ses of troi l i te and tro i l i te wi th i ron-ni ckel are found 
throughout the secti on .  Some are associ ated near i l meni te crys
tal s  wh i l e  others are i so l ated al ong the boundari es between the 
s i l i cate phases . Occas i onal i ron-n i ckel vei n  fi l l i ngs are ob
served i n  the fractu res wi th i n  the s i l i cates . 

Mesostas i s  - I so l ated i rregul ar mas ses  of a g l as s -ri ch phase occupy 
boundar·y voi ds between adjacent s i  1 i cate phases . The s i ze of the 
mas ses are from 0 . 05 to O . l mm .  The masses are very turb id  and 
d i sti nct crysta l s were not observed . 

B . M . French et al . ,  ( 1 970 ) have des cri bed 1 001 7 , 1 6  i n  some detai l .  
Thei r moda l analys i s  was : Cl i nopyroxene , 49 . 7% ;  pl ag i ocl as e ,  
1 8 . 0% ;  i l men i te ,  23 . 9% ;  and , mesos tas i s ,  8 . 3�; ;  wh i ch i s  i n  good 
agreement wi th the above analys i s .  

TE XTURE : The rock cons i s ts of a random network of i ntergrown cl i nopy
roxene and i l meni te crysta l s .  P l agi ocl ase and g l assy mesostas i s  
occur i ntersti ti al to the pyroxene-i l meni te network . The overa l l  
texture i s  poi ki l i ti c . The p l ag ioc l ase crystal s  d i s p l ay a moderate 
al i gnment suggest ing  f l ow wi th i n  the crystal l i zi ng l ava . Ves i cl es 
are rimmed by smal l cl i nopyroxene crystal s .  S harp boundari es occur 
between al l phases except the mesostas i s .  
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SELECTED REFERENCES : Adl er et al . ( 1 970 ) , Brown et al . ( 1 970 ) , Dence 
et al . ( 1 970) , French et al . ( 1 970 ) ,  Kus h i ro and Nakamura ( 1 970) , 
Mason and Wi l son ( 1 970) , Rei d  et al . ( 1 970) . 

H ISTORY AND PRESENT STATUS OF SAMPLES 1 0-1 2-76 

1 001 7 was removed from ALSRC #1 004 and processed i n  the Vac Lab . I t  
was one o f  the sampl es i n  F-201 a t  the time of the g l ove ruptu re .  A 
400 gm pi ece was sent to P CTL for analyses . A porti on of th i s  rock 
( subsampl e number unknown ) was sawed in SPL . Al l rema i n i ng pri s ti ne 
subsampl es were re-exami ned in SSPL .  

P RI STINE SAMPLES : 

1 5  1 97 . 46 gms 

74 1 05 . 93 gms 

81 9 1 . 0  gms 

85 1 2 . 54 gms 

88 l .  41 gms 

96 6 . 84 gms 

280 1 3 . 07 gms 

281 6 . 66 gms 

282 0 . 1 2  gms 

283 l .  59 gms 

Largest pi ece . Three surfaces are l unar  
exposed wi th p i ts and pat i n a .  Al l other 
surfaces are fresh .  VAC-SSPL 
1 4  sawed ch i ps .  Many have 3-5 sawed sur
faces . l l  of them have one l unar exposed 
surface . VAC-PCTL-SPL-SSPL 

l pi ece p itted on N 1T face . Al l others 
fresh and dus t  free . Ex-di spl ay s ampl e .  
VAC-SSPL 

Ch ips and fi nes . Several medi um ( c . 25gm ) 
chi ps , many wi th pati na and p i ts . VAC-SSPL 

Chi ps and fi nes . Larges t  ch ips are 3-5mm, 
some wi th l unar exposed surfaces . VAC-SSPL 

Smal l ch i ps and f ines representati ve of 
sampl e .  VAC-SSPL 
Ch i p .  Spl i t  from subsampl e 1 5 . One l unar 
exposed surface . Al l others are fresh .  
VAC-SSPL 

Chi ps and fi nes . Spl i t  from subsampl e 1 5 . 
Two l arge ( > l  gram) chi ps w i th l unar ex
posed surface .  VAC-SSPL 

Smal l fresh chi ps and fi nes . Subsampl es 89 
and 90 were combi ned to make up th i s  sub
sampl e .  VAC-SSPL 

Smal l ch i ps and fi nes . Spl i t  from s ubsampl e 
74 . No exposed surfaces . VAC-PCTL-�PL-SSP L  



RETURNED SAMPLES : 

50  

64  
7 6  

1 59 

1 80 

E l ement 

S i 02 
Al 203  
Ti 02 
FeO 

MnO 
MgO 

CaO 

Na20 

K20 
P20s 
H 

Li 

Rb 
Cs 
S r  
B a  

Sc 
v 

5 . 05 gms 

1 1 . 09 gms 

7 . 00 gms 

8 . 23 gms 

1 3 . 23 gms 

Number of 
Anal yses 

6 
7 
7 

7 
7 
5 

6 
9 

1 3  
3 

1 

6 

1 2  
5 
9 

1 0  
5 

4 

1 00 1 7  1 0 3  

Chi p .  One sawed , two pi tted and th ree fresh 
surfaces . 

Chi p .  S ix  s awed surfaces . 3xl x l  em . 

Ch i ps and fi nes . Largest ch i p  i s  2x2x0 . 5  
em with two s awed , two p i tted and two fresh 
surfaces . 

Chi p .  One fres h  s urface , a l l  others are 
pati nated . P i ts are few . 
Chi p .  1 . 5xl . 5x2cm . S i x  s awed s u rfaces . 
Impregnated wi th epoxy . 

CH Em CAL ANALYSES 

Mean 

41 . 34 

7 . 85 
1 1 . 68 

1 9 . 55 

. 235 

7 . 76 

1 0 . 74 

. 490 

. 290 

. 1 67 

. 47  
1 9 . 35 

5 . 66 

. 1 54 
1 57 . 72 

261 . 39 

80 . 26 
66 . 62 

Un i ts 

PCT 

PCT 
PCT 
PCT 
PCT 

PCT 

PCT 

PCT 

PCT 

PCT 

PPM 

pp� 
PPM 
PPM 

pp� 
PPt� 

PPM 
PPI� 

Range 

3 . 33 

. 907 

2 . 5  
5 . 2 1 

. 089 

. 448 

l .  1 9  

. 0 50 

. 089 

. 02 

0 
6 . 7  

2 . 4  
. 066 

74 . 8  
1 50 . 0  

25 . 5  
54 . 0  



1 0� 1 00 1 7  

Number of 
E l ement Analyses Mean Uni ts Range 

Cr2 03 5 . 354 PCT . 073 

Co 7 30 . 7  PPM 20 . 5  

Ni 2 36 . 26 PPM 47 . 54 

Cu 3 1 0 . 1 0  PPM 4 . 8  
Zn 2 33 . PPM 30 . 0  
y 4 1 68 . 75  PPM 25 . 0  
Zr 4 695 . 0  PPM 965.  
Nb 1 27 . 4  PPM 0 
Pd . 00 1  PPM 0 

Ag . 0 1 6  PPM 0 

Cd 2 . 056 PPM . 024 

Ta 3 2 . 8  PPM 3 . 8  

w 1 . 4  PPM 0 
Hf 4 1 7 . 72 PPM 1 2 . 5  

Os 1 . 22 PPM 0 

I r  . 001  PPM 0 

Au 2 . 004 PPM . 007 

Hg 1 . 0 1 3  PPM 0 

La 4 24. 95 PPM 5 . 6  

Ce 5 75 . 98 PPM 20 . 0  

Pr 2 1 0 . 1 0  PPM 5 . 6  

Nd 4 64 . 40 PPM 1 6 .  

Sm 6 22 . 1 1  PPM 6 . 1  

Eu  6 2 . 24 PPM . 86 

Gd 4 1 9 . 4 5  PPM 1 1  . 0  

Tb 4 4 . 49 PPM 1 . 62 

Dy 5 29 . 34 PPM 1 7 .  

Ho 3 6 . 1 7  PPM 4 . 5  

Er  4 1 8 . 27 PPM 8 .  

Tm 1 3 . 0  PPfvl 0 



E l emen t  

Y b  

Lu 

Th 

u 
B 
Ga 
I n  

Tl 

c 
Ge 

Pb 
B i  

0 
s 
Se 

Te 

F 
Cl 

Br 

I 

Number of 
Analyses 

6 

6 

9 

9 
1 
3 
3 

1 

2 
1 

3 
1 

2 

3 

3 

2 

Mean 

1 7 . 85 

2 . 98 

3 . 70 

. 698 

. 7  
4 . 43 

. 070 

. 006 
1 00 .  

l . O 

1 . 62 
. 001 

40 . 7  

. 22 

. 21 5 

. 1 1 7  
1 64 . 5  

l 3  . 43 

. 1 55 

. 242 

1 001 7 1 0 5  

Un i ts Ran ge 

PPM 6 . 5  

PPM 2 . 88 

PPM 2 . 45 

PPM . 65 
PPM 0 
PPM l .  l 0 
PPM . 1 37 

PPM 0 
PP�1 0 

PPM 0 

PPM . 1 1 3  
PPM 0 

PCT 0 

PCT . 02 
PPM 0 

PPM 0 

PPM 1 73 .  
PPM 2 . 8  

PPM . 1 2  

PPM . 475  

Ana lysts : Compston et  al . ,  ( 1 970) ; Ga l es et  al . ,  ( 1 970) ; Maxwel l et  al . ,  
( 1 970 ) ;  Wak i ta et al . ,  ( 1 970) ; Wanke et al . ,  ( 1 97 0 ) ; Wi l l i s  et al . ,  ( 1 972 ) ; 
Gas t et al . ,  ( 1 970) ; Gi bson & Johnson ( 1 97 1 ) ;  f�arti et al . ,  ( 1 970 ) ; 
Murthy et al . ,  ( 1 970 ) ; O ' Kel ly et al . ,  ( 1 970) ; Perki ns et al . ,  ( 1 970) ; 
Phi l potts & S chnetzl er, ( 1 970) ; Tera et al . ,  ( 1 970 ) ;  Reed & Jovanov i c ,  
( 1 970 ) ; Reed & Jovanov i c ,  ( 1 97 1 ) ;  Anders et al . ,  ( 1 97 1 ) ;  Papanastas s i o u  
et al . ,  ( 1 970 ) ; Eberhardt et al . ,  ( 1 974 ) ; Shedl ovsky et al . ,  ( 1 97 0 ) ; 
Gal es , ( 1 97 1 ) ;  S i l ver, ( 1 970) ; Tatsumoto, ( 1 970 ) . 

Age References : D ' Ami co et al . ,  ( 1 970 ) ; Turner,  ( 1 970) ; H i ntenberger et al . ,  
( 1 97 1 ) ;  Armstrong & Al smi l l er,  ( 1 97 1 ) ;  O ' Ke l ly  et al . ,  ( 1 970 ) ; Bosch l er ( 1 97 l a ) ; 
Marti et al . ,  ( 1 970 ) ; Perk i ns ( 1 970) ; Eberhardt et al . , ( l 974) ; S i l ver ( 1 970 ) ; 
Tatsumoto ( 1 970) ; Papanastass iou ( 1 970 ) ; Papanastas s i ou et al  . ,  ( 1 97 1 ) ;  
Crozaz et al . ,  ( 1 970 ) . 



l 06 

1 00 1 8 , 1  
Ori g i na l  PET Photo 

(S-69-46005 )  

1 00 1 8 , 0  
( S -75-30226 ) 



1 0 7  

1 001 8 

Sampl e l OO l B  i s  a rou nded , dark grey , fi ne  brecci a that ori gi nal ly  
wei ghed 21 3 gm . ,  and measured 8x5x4 em . S ampl e was returned i n  ALSRC 
# 1 004 . 

B INOCULAR DESCRI PTI ON BY : Twedel l 

ROCK TYPE : Fi ne B reccia SAMPLE : 1 001 8 , 0  

DATE : 8/6/ 75 

WEIGHT : 2 1 5  gm 

COLOR: Dark Grey ( fresh & exposed )  

SHAPE : Rounded 

COHERENCE : I n tergranu l ar - tough 

DI MENS I ONS : 8x6x4 em . 

Fracturi ng - few , non-penetrat i ve 

FAB RI C/TEXTURE : Ani sotropi c/ F i ne Brecci a 

VARIAB I L ITY :  Homogeneou s 

SURFACE : S "l i ghtly i rregu l ar;  patch of ves i cu l ar g l as s  near narrow 
end ( PET) . 

ZAP PITS : Few pi ts on T 1  surface onl y .  P i ts are g l as s  l i ned up to 
4 mm i n  s i ze .  

CAVITIES : None 

COMPONENT COLOR 

Matri x Dk . Grey 

Sal t & Pepper B l ack & 
Cl ast1 Whi te 

Whi te Cl ast-, ,_ Whi te 

Basa l t i c  C l  a s  t3 Whi te & 
Hon . B rown 

% OF 
ROCK 

97 -98 

< l  

< l  

1 -2 

SHAPE 

Sub rounded 

S IZE ( MM) 
DOM . RANGE 
< . 1  

1 - 1 . 5 < 1 -2 

S ubangu l ar to 1 1 -2 . 5  
s ubrounded 

Angu l ar to 1 - 5 1 - 1 0  
s ubangu l ar 

1 )  Sal t & pepper cl ast  i s  aphani t ic  i n  textu re . I t  has an even d i s 
tri bution of l i ght and dark materi a l . 

2 )  Whi te c·l ast has a powdered sugar texture . Cl asts are evenly d i s 
tri buted throughout the rock .  I t  appears to be approx imately 90% 
pl agi oc·l ase . 

3 )  Basal t i c  cl ast cons i s ts of 35% pl agi ocl ase ,  30% i l meni te 
and 35% pyroxene . 



1 08 1 001 8 

Section 1 001 8 , 32 Wi dth of fiel d 1 . 39 mm refl ected l i ght 

Secti on 1 001 8 , 32 W i dth of fiel d 1 . 39 mm pl ane l i ght 



1 001 8 1 0 9  

THI N  SECTION DESCRI PTI ON 

SECT I ON :  1 00 1 8 , 32 

BY :  Wal ton DATE : 6/22/76 

S UMMARY : S l ightly devi tri fi ed typi ca l  brecci a  wi th on ly moderate 
amounts of cl asts present .  Many of the l i th i c  cl asts are 
crushed and granu l ated . The rock appears to be a h i gh gl ass 
brecci a  wi th mi nor crysta l l i ne i ncl us i on s .  

Matri x 78% of  Rock 

Phase % Secti on ShaEe S i ze (mm ) Comments : 
Dark brown nearly 1 00% <0 . 001 Very h i gh turb i d  

opaque g l as s  content; 
some cryptocry-
s ta 1 1  i ne phases . 

Mi nera 1 Cl asts 7% of Rock 

Phase Rel ative Abundance Shape S ize  ( mm ) 
Cl inopyroxene1 Very abundant Angu l ar 0 . 00 1 - 0 . 4  
P l  agi ocl ase2 Few B l ocky 0 .  001 -0 . 2  
Opaques 3 Moderate Lath- l i ke to 0 . 001 - 0 . 2  

s kel etal 

1 )  H i gh ly  granul ated to s i ngl e crystal s 
2 )  Normal , sharp twi ns 
3 )  I so l ated , mos t  l arge crystal s i n  c l asts 

L i thi c Cl asts 1 3% of Rock 

� Rel ati ve Abundance Shape S i ze (mm ) 
Smal l Very abundant Rounded to 0 . 001 -1 . 0  

i rregu l ar 

Large4 S i x  present Rounded to > l .  0 
i rregu l ar 

4 )  a .  Coarse gra i ned basa l t  composed of c 1 i nopyroxene , p l agi ocl ase , 
and i l meni te .  

b .  Coarse gra i ned basal t wi th brown pyroxene crystal s ,  s omewhat 
granu l ated . 

c .  Coarse grai ned basal t wi th part of the cl as t showi ng mel t i ng 
and s ubsequent devi tri fi cati on . 



1 1 0 1 001 8 

d . Coarse grai ned basal t composed of c 1 i no pyroxene , p l agi ocl ase 
and i l meni te .  

e .  Coarse grai ned basa l t  composed of  cl i nopyroxene ,  p l agi ocl ase , 
and i l meni te .  

f . Coarse grai ned basa l t s i mi l a r  to ( b ) . 

G l ass Cl ast 2% of Rock 

� Rel ati ve Abundance Shape S i �e (mm) 

Yel l ow-Orange5 Very abundant Spheri cal to 0 . 001 -0 . 2  
i rregu l ar 

Col orl ess6 Moderate S pheri ca 1 to 0 . 001 -0 . 3  
angu l ar 

Red -Orange7 Few S pheri cal 0 . 05 

5 ) Some dev i trifi cati on ; most ly  angu l ar .  
6 )  Bubbl es and some devi tri fi cati on ; most ly  angu l ar. 
7 )  One pi ece . 

Sel ected References : Chao et al . ( 1 970 ) , Dence et al . ( 1 970 ) , 
Rei d et al . ( 1 970) . 

H I STORY AND PRESENT STATUS OF  SAMPLES 1 0/1 2/76 

1 001 8 was removed from ALSRC #1 004 and ori gi nal l y  processed i n  the Vac 
Lab . I t  was i n  the F-201 system at the t ime of the gl ove rupture . A 
smal l chi p  was transferred to P CTL for PET analyses . At some time , a 
smal l porti on of the s ampl e was s awed i n  SPL . Most of the or ig ina l  
sampl e i s  i ntact and was re-exami ned i n  SSP L .  

PRI STI NE SAMPLES : 

0 

2 

1 6  

1 7  

1 99 . 40 gm 

1 • 87 gm 

3 . 1 7  gm 

3 . 70 gm 

Rock .  I t  has p i ts and pat i na o n  one l arge 
face . Al l other faces are non-exposed . 
VAC-SSPL 
Chi ps . I t  con s i s ts of one l arge ch i p  ( 1  . 5gm) 
wi th no s awed or exposed s urfaces , some < 5mm 
chi ps and some f ines . VAC-PCTL-SSPL 

< l mm fi nes .  VAC -SP L-SSPL 

Three l arge s awed ch i ps and two unsawed ch i ps .  
None of the p i eces s how evi dence of p i tti ng 
or pati n at i on . Samp l e  was probably removed 



1 00 1 8  l l l  

from l u nar bottom of  the mother rock . VAC-SP L-SSPL 

RETURNED SAMPLES : 

24 25 . 25 gm 

Number of 
El ement Analtses 

Si 02 4 
Al 20 3 4 
Ti 02 4 
FeD 4 
MnO 5 
MgO 3 

CaD 3 
Na20 4 
K20 4 
P20s 
Li 2 

Rb 3 
Be 
Sr 4 
Ba 4 
Sc 4 
v 3 

Cr2 03 5 

Co 5 
N i  3 

Cu 2 

Fresh  ch i p .  One smal l ( 1  . 5mm)  pyroxene cl ast 
not prev iou s l y  noted . 

CHEMI CAL ANALYSES 

Mean Units Range 

42 . 46 PCT 1 . 29 
1 2 .48 PCT 2 . 07 
8 . 25 PCT 1 . 50 

1 6 . 4 PCT 3 .  21 
. 1 94 PCT . 084 

8 . 1 8  PCT . 665 
1 1 . 97 PCT . 70 

. 492 PCT . 068 

. 1 70 PCT .020 

. 1 5  PCT 0 
1 2 . 65 PPM 1 . 3 

3 . 68 PPM . 1 9  
1 . 8 PP�1 0 

1 58 . 78 PPM 85 . 0  
2 1 8 . 75 PPM 1 05 . 0  
63 . 52 PPM 1 0 . 2  
59 . 33 PPM 1 6 .  0 

. 291 PCT . 067 
32 . 88 PPM 4 . 1 0  

255 . 67 PPM 1 73 . 0  
2 2 . 0  PPM 20 . 00 



1 1 2  1 001 8 

Number of 
E l ement Anal yses Mean Uni ts Range 

Zn 2 38 . 5  PPM 3 1 . 0  
y 2 1 01 . 5 PPM 9 . 0  
Zr 4 356 . 75 PPM 1 01 . 0 
Nb 2 2 2 .  PPM 6 . 0  

Ta 3 l .  53 PPM . 3  

Hf 3 1 2 . 43 PPM 2 . 4  
Au 1 5 . 00 PPB 0 

La 5 1 8 . 1 6  PPM 9 . 0  

Ce 5 61 . 56 PPM 1 9 . 2  
Nd 3 44 . 8  PPM 3 1 . 0  
Sm 4 1 4 . 4  PP�1 3 . 1  

Eu 4 1 . 80 PPM . 1 9  
P r  1 1 1  . 0  PPM 0 
Gd 1 20 . 5  PPM 0 

Tb 3 3 . 44 PPM 1 . 48 

Dy 2 20 . 4  PPM 2 . 8  
Ho  2 5 . 05 PPM . 5  
E r  1 1 2 . 8  PPM 0 

Y b  4 1 2 . 38 PPM 4 . 1  
Lu 4 l .  74 PPM . 74 
Th 3 2 . 81 PPM 1 . 42 
u 4 . 585 PPM . 08 
Ga 2 4 . 2  PPM . 4  

I n  1 . 36 PPM 0 

0 2 40 . 4  PCT . 6  
s 1 . 1 5  PCT 0 

F 1 1 01 . 0  PPM 0 

Cl 1 1 6 . 5  PPM 0 



1 00 1 8  1 1 3  

Analysts : Comps ton et a l . ,  ( 1 970) ; Ehmann & Morgan , ( 1 970) ; Gal es et a l . ,  
( 1 970) ; Wanke et al . ,  ( 1 970) ; O ' Hara et al . ,  ( 1 974) ; Annel l & Hel z ,  ( 1 970 ) ; 
Ph i l  potts & Schnetz l er,  ( 1 970 ) ; O ' Kel l y  et a l . ,  ( 1 970) ; Wanke et a l . ,  
( 1 972) . 

No Age References 



1,:1. 4 

1 00 1 9 , 1 LJ Ori g i na l  PET Photo 
( S -69-45977 ) l cm 

1 00 1 9 . 1  
( S-76-23357 )  



1 001 9 

Sampl e 1 001 9 i s  a rounded, medi um dark grey ,  fi ne brecc i a .  I t  ori 
gi nal ly  V.'e i ghed 297gm ,  and was 7x4x4cm: Th i s  s ampl e was returned i n  
ALSRC #1 004 . ( Documented Sampl e Contai ner) 

B I NOCULAR: DESCRI PTION 

ROCK TYPE : Fine brecci a 

B Y :  Twedel l 

SAMPLE : 1 001 9 , 3 1  

DATE : 9/8/ 75 

WE IGHT : 29 gm 

COLOR: fVIedi um dark grey DIMENS I ONS : 3 x 2 . 5  x 2 . 5 em 

SHAPE :  R:ounded ; subangu l ar to su brounded ( PET) 

COHERENCE : I n tergranu l ar - tough ( coherent ) 
Fracturi ng - few, non-penetra ti ve 

FAB RI C/TE XTURE : Ani sotropi c/ Fi ne b recc i a 

VARIAB I L ITY :  Homogeneous 

SURFACE : Smooth and rounded on pi tted surfaces , i rregu l ar on fresh 
surfaces B 1  and W 1 • E1  h as been wi re-sawed . 

1 1 5  

ZAP P ITS :  Many on S 1 •  Few on T 1 ,  E 1 ,  N 1 • None on B 1 ,  W 1 • P i ts are 
g l ass l i ned. 

CAVITI ES : None 

COMPONENT 

Basal t Cl ast 1  

Sal t & Pepper 
Cl ast 

Whi te Cl ast 

Matri x 

% OF 
COLOR ROCK 
Honey B rn 2 
& Wh i te 

Bl k & Whi te 1 -2 

Whi te 

Med . Dk . Grey 96 

SHAPE 

Rounded - s ubrounded 

Rounded to subrounded 

I rregu l ar - subrounded 

S I ZE ( MM) 
DOM.  RANGE 

1 . 5 1 -3 

2 1 -5 

1 - 1 . 5  

Brown Cl ast2 Hon . Brown Subangu l ar . 5  
1 )  Opaque materi a l  coul d be i l meni te 
2) There are only a few of these cl asts on the S 1  su rface ( See be low) 

SPECIAL FEATURES : Th i s  s amp l e resembl es 1 0066 i n  a l l components . 
Surface i s  sparsel y covered wi th g l assy spatter . 
Some g l ass on the surface i s  honey b rown i n  col or, 
wi th some sma l l brown cl asts ( lmm) whi ch have a 
crushed gl ass appearance . 



1 1 6  

SECTI ON : 1 001 9 ,33 

THI N  SECTION DESCRI PTI ON 

1 00 1 9  

Wi dth o f  fi el d 2 . 72 mm pl ane l i ght 

BY : Wal ton DATE : 6/22/76 

SUMMARY : Partly devi tri fi ed typ i ca l  brecci a wi th a fai rly l ow l i th i c  
cl ast content . The l i th i c  cl asts present are rel ati vely  
sma l l  a s  compared to many of the other Apol l o  1 1  brecci as . 
The rock s hows a number of stra i n  characterist ics . 

PHASE 
Dark Brown 

% SECT I ON 
1 00 

MATRI X 55% OF ROCK 

SHAPE S IZE (MM) 
<0 .  001 

COMMENTS : 
Gl ass -ri ch w i th 
many cryptocrystal 
l i ne phases ; some 
suggesti on of mi nor 
fl ow 



1 00 1 9  

MINERAL CLASTS 30% OF ROCK 

PHASE RELATI VE ABUNDANCE 

Cl i nopyroxene 1 Very abundant 

P l ag i oc l ase2 Abundant 

Opaques 3 Few 

1 ) Most h i ghly strai ned 
2 )  Most show fa. i r to good twi n pl anes 
3 ) Most i n  c l a s t ,  some shards i n  matri x 

SHAPE 

Equant to i rregul ar 

Tabul ar to i rregu l ar 
B l ocky to skel etal 

L ITH I C  CLASTS 1 0% OF ROCK 

SHAPE 

S I ZE ( MM) 
0 . 00 1 -0 . 5 

0 . 001 -0 . 2  
0 . 00 1 -0 . 2  

S I ZE(MM) TYPE 

Smal l 
Large4 
4 ) a .  

RELAT I VE ABUNDAN CE 
Very abundant Rounded to i rregu l ar 0 . 001 -1 . 0  
Two present Rounded to i rregu l ar > 1 . 0  

Coarse-9ra i ned basal t cons i s t i ng  of l arge pyroxene crysta l s  
wi th hi 9h skel etal i l meni te crystal s  and s ubhedral pl agi ocl ase .  

b .  Coarse-9ra i ned bas a l t  consi s t i ng of very narrow pl ag i ocl ase 
tab lets wi th l arge pyroxene crysta l s  and mi nor i lmen i te .  

TYPE 

Yel l ow-01·ange5 

Col orl ess6  

5 ) Approxi mately 
crysta l s .  

6 ) Most ly  angu l ar 

GLASS CLASTS 5% OF ROCK 
SHAPE S I ZE (MM ) RELAT I VE ABUNDANCE 

Very abundant Spherical  to i rregul ar 0 . 001 -0 . 5  

Few Spheri cal to i rregu l ar 0 . 001 -0 . 2  
hal f spheri cal masses -ha l f  angul ar ;  many dendri t ic  

Sel ected References : Kei l et al . ( 1 970 ) 
H ISTORY AND PRESENT STATUS OF SAMPLES - 6/22/76 

1 00 1 9  was removed from ALS RC #1 004 and ori gi n a l l y  processed in the Vac 
Lab . I t  was one of the rocks i n  F-201 at the time of the g l ove rup
ture . Approxi mate ly  55gm were sent to PCTL for PET analyses . The 
l arger p i ece was , at one t ime ,  chi pped and sawed in SPL . The rema i ni ng 
pri sti ne s amples were re-exami ned i n  SSPL . 

PRISTI NE  SAMPLES : (Al l VAC-SPL-SSPL ) 
1 1 67 . 04 2  gm Piece .  Fi ve surfaces are pi tted , one i s  fresh .  

Ex-di spl ay pi ece . 

1 1 7  



1 1 8 

30 

31 

77 

80 

33 . 323 gm 

29 . 55 gm 

1 1  . 1 2  gm 

0 . 85 gm 

RETURNED SAMPLES : None 

Number of 
E l ement Analyses 

Si 02 1 6  

Al 203  1 4  

T i02 1 2  

FeO 1 2  
MnO 1 3  
MgO 1 1  

CaD 1 5  

Na20  1 4  

K20 7 

Cr203  8 

Li 
Rb 2 
Cs 1 
Sr  1 

B a  2 
Sc 3 
v 2 
Co 3 

1 001 9 

P i ece . One surface i s  pi tted , the others are fresh . 
Ex-d i s pl ay pi ece . 

Pi ece . Four surfaces are p i tted , two are fres h .  

Consi st i ng of three l arge chi ps . One ch i p  has 
patches of gl assy spatter . 

Ch i ps and fi nes . 

CHEMI CAL ANALYSES 

Mean Un i ts Range 

42 . 67 PCT 9 . 98 

1 0 . 71 P CT 5 . 63 
8 . 1 0  PCT 2 . 54 

1 6 . 32 PCT 6 . 86 

. 265 PCT . 1 1  
6 . 48 PCT 2 . 46 

1 4 .06 PCT 8 . 24 

. 527 PCT . 58 

. 1 40 PCT . 05 

. 270 PCT . 24 

1 3 . 1 4 PPM 0 

3 . 3 5  PP�1 0 . 9  
0 . 23 PPM 0 

1 66 . 4 PPM 0 
242 . 5  PPM 1 5  . o  
62 . 03 PPM 3 . 1 0  

56 . 5  PPM 1 3 . 0  

33 . 70 PPM 3 . 40 



l 001 9 1 1 9  

Number of 
E l ement Ana ltses Mean Un i ts Range 
N i  l 1 57 .  1 6  PPM 0 
y l 91 . 00 PPM 0 
Zr 3 478 . 3  PPM 1 25 . 0  
Hf 3 l l  . 63 PPM. 2 . 90 
La 3 1 4 . 9 1 PPM 1 . 20 
Ce 3 5 5 . 66 PPM 8 . 00 
Nd l 42 . 00 PPM 0 
Sm 3 1 2 . 98 PPM 2 . 25 
Eu 3 1 6 . 32 PPM 6 . 86 
Gd l 20 . 5  PPM 0 
Tb 2 3 . 24 PPM 1 . 1 3  
Dy 2 1 8 . 00 PPM 0 .  l 
Ho 3 5 . 5  PPM 0 . 9  
Er 1 4 .  l 0 PPM 0 
Yb 3 1 1 . 7 PPM 1 . 4 
Lu 3 1 .64 PPM .40 
Th 2 2 . 40 PPM l . OO 
u 3 . 427 PPM . 1 3  
I l . 073 PPM 0 
In  5 . 20 PPB 0 
Os 2 4 . 50 PPB 5 . 5  
Pr 7 . 9  PPM 0 
Tb 2 3 . 24 PPM l .  1 3  
0 39 . 90 PCT 0 

Analysts : Ehmann and Morgan ( 1 970 ) ; Gol es ( l 97 0a ) ; Gol es ( l 970b ) ; 
Rose et al . ,  ( 1 970) ; Waki ta et al . ,  ( 1 970) ; O ' Hara ( 1 974 ) ; Reed and  
Jovanovi c  ( 1 970 ) ; Gopal an ( 1 970 ) ; O ' Ke l l y  et a l . ,  ( 1 970 ) ; Loveri ng and 
Butterfi e l d  ( 1 970 ) ; Loveri ng and Hughes ( 1 97 1 ) .  

No Age References 
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1 0020 , 0  l em 
Ori gi n a l  P ET Photo 

( S -69-46481 ) 

1 0020 
( S-76-25459) 



1 0020 

Sampl e 1 0020 i s  an i rregu l ar ,  medi um· dark grey , ves i cul ar ol i vi n e  ba
sa l t . Thi s  sampl e orig i nal l y  wei g hed 425 gm and measured 6x5x4 em . 
Sampl e was returned i n  ALSRC #1 004 . ( Documented Sampl e Conta i ner) 

1 2 1 

B I NOCULAR DESCRI PTI ON BY : Twedel l DATE : 6/1 0/76 

ROCK TYPE : Ves i cu l ar Ol i v i n e  Basal t SAMPLE : 1 0020 , 1 6  WE IGHT : 94 gm 

COLOR : Medi um dark grey 

SHAPE : I rregu l ar 

DIMENS I ONS : 4 . 5  x 3 . 5  x 1 . 5 em 

COHERENCE : I ntergranu lar - Tough 
Fracturi ng - Absent 

FABRI C/TEXTURE : I sotropi c/Fi ne  gra i ned  equ i g ranul ar 

VARI AB I LITY : Homogeneous 

SURFACE : .3 sawed faces and one face parti al l y  sawed . Pati na  on al l 
other surfaces . 

ZAP P ITS : Many on T1 , none on others . 

CAVITI ES : Approxi mately 5% surface coverage up to 2mm i n  di ameter . 
Cavi ti es are crystal l i ned .  

% O F  S I Z E ( MM) 
COMPONENT COLOR ROCK SHAPE DOM . 

P l agi ocl ase Whi te 30 Subrounded-subangul ar < .  1 

Pyroxene Dark 50 Subangu l ar < .  1 
I l meni te B l ack 1 6  Pl aty < .  1 
Ol i vi ne Green 4 Subangu l ar < . 3  

Speci al  Features : Sampl e not as fi ne-gra i ned as 1 0049 . Large 
ol i v i ne crys tal s are al so present . 

RANGE 

< .  1 - . 2  

< .  1 
< . 1  
< . l - . 9  
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SECTION : 1 0020 , 31 W i dth of fi e l d :  2 . 22 mm pl ane l i ght 

TH I N  SECTI ON DES CRI PTI ON BY : Wal ton DATE : 6/1 0/ 76 

SUMMARY : Fi ne-grai ned ves i cu l ar ophi t i c  basa l t composed of cl i no
pyroxene ,  two generati ons of pl agi ocl ase ,  two generati ons 
of i l men i te wi th subordi nate ch rom i an ul vosp i nel , tro i l i te
i ron n i ckel , ol i v i ne,  and cri stoba l i te .  The pyroxene forms 
l arge su bhedral to anhedral crysta l s  wi th l ath- l i ke to an
hedra l i l men i te crysta l s i n  a conti n uous network . Inter
sti ti a l  to these phases are subhedra l to anhedral crysta l s 

PHASE 
Pyrox 

P l ag 

Opaq 

Ol i v  

Chr . U l vo 

of pl agi ocl ase and cri stoba l i te ,  wi th mi nor gl ass ri ch mesos 
tas i s .  Some of the p l ag i ocl ase crystal s are s l ightly bent 
and somewhat s ke l eta l . 

% OF SECT ION SHAPE S I ZE ( MM) 
5 1  Subhedral  to anhedral 0 . 2-l . O  
30 Tabu l ar to anhedral 0 . 01 -0 . 1  

1 1  Lath - l i ke to anhedral 0 . 1 -0 . 3  
5 B l ocky , anhedra l 0 .  02-l . 2 

l Euhedral to subhedral 0 .  l -0 .  2 



PHASE  

Cri s 
Voi ds 

COMMENTS : 

% OF S ECTI ON 

2 

1 0020 

SHAPE 

Subhedral to anhedra l 

Rounded to i rregu l ar 

S I ZE (MM ) 
0 .  05-0 . 1 

0 . 2-0 . 6  

Pyroxene - The pyroxene occurs a s  l arge pal e brown to nearly co l or-
1 ess subhedra 1 to anhedra 1 crys ta 1 masses . Occas i onal ly a pyro
xene crysta l  i s  found wi th i n an ol i v i ne crysta l or v i ce-vers a .  A 
wel l devel oped cl eavage pattern i s  found i n  the more subhedral 
grai ns . Crystal s  of pl agi oc l ase and i l men i te occur with i n  the 
pyroxE�ne crys ta 1 s and between them . 

P l agi ocl ase - Smal l subhedra l  crys tal s of pl agiocl ase occur i n  the 
secti on associ ated wi th l arger anhedral masses of p l ag i ocl ase . 

1 23 

The anhedral crystal s  form i n tersti ti al voi d fi l l i ngs i n  the 
pyroxE�ne- i l meni te network . S ome bendi ng of the subhedral crystal s  
i s  present .  Many of the l arger crystal s are somewhat skel etal i n  
devel opment . The sma l l er more euhedral crystal s showed sharp 
twi n p l anes whi l e  the l arger i ntersti ti a l crysta l s  showed only 
fai nt to none . 

Ol i v i ne - Sma l l to l arge bl ocky anhedral crystal s of ol i vi ne are 
scattered throughout the secti on . Al l are fresh crystal s wi th 
sma l l  pyroxene rims . Some crystal s conta i n  smal l pyroxene 
crysta l s .  

Opaques - The phases compri s i ng the opaques are i l meni te ,  chrom i an 
u l vosp i ne l , and tro i l  i te-i ron  n i ckel . Ul vospi nel has been re
ported from th i s  rock ( Haggerty et a l . ,  1 970) , but none was 
noted i n  th i s  secti on . 

Two generati ons of i l meni te .are present i n  the secti on . The 
crystal s  occur as smal l l ath- l i ke crystal secti ons and a l so as 
l arge somewhat skel etal anhedral crysta l s .  The l arger crys tal s 
are b.Y far more abundant . 

Associ ated wi th the i l meni te are i s ol ated euhedral to subhedra l 
crys tal s of chromi an u l vospi nel . Approximately 1 0% of the total 
opaques i n  the secti on  are chromi an u l vosp i nel . One wel l defi ned 
octahedron i s  compl ete ly  encl osed i n  a pyroxene crystal whi ch i s  
i tse l f encl osed i n  a l arger o l i v i ne crystal . 

Sma l l masses of troi l i te-i ron n i ckel are present ,  but are rather 
spars e .  A few vei ns of  i ro n -n i ckel metal are found i n  some of 
the s i l i cate phases . 
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TEXTURE : Interl ocking subhedral to anhedral crysta l s  of pyroxene 
i ntergrown wi th two generati ons of i l meni te and two generati ons 
of pl agi ocl ase crystal s .  I nterst i ti a l  to th i s  network are masses 
of pl agi ocl ase , cri stobal i te and mesostas i s .  The texture i s  
oph i ti c .  

Some ves i cl es ( approx imately 1 % )  are present i n  the secti on , but 
none of the crysta l s  are seen to be growi ng i nto the vo i ds . 

Sel ected References : Al bee and Chodos ( 1 970) , Chao et al . ( 1 970) , 
Dence et al . ( 1 970) , Haggerty et al . ( 1 970) . 

H I STORY AND PRESENT STATUS OF SAMPLES - 6/1 5/ 76 

1 0020 was removed from ALSRC #1 004 and ori g i nal ly  proces sed i n  the Vac 
Lab . It  was one of the s ampl es i n  F-201 at the time of the g l ove rup
tu re . A smal l portion was sent to PCTL for PET analyses ; the remai nder 
was s awed i n  SPL .  Sampl es were re -examined i n  SSPL � 

PRI STINE  SAMPLES : ( A 1 1  

1 5  . 3 1 gm 

1 6  94 . 00 gm 

60 . 49 gm 

1 89 3 1  . 59 gm 

1 90 2 . 43 gm 

RETURNED SAMPLES : 

3 6 . 01 gm 

5 1 0 . 54 gm 

6 20 . 32 gm 

VAC-SPL-SSPL ) 
Fi nes . 
Pi ece . Three s aw surfaces . 

Fi nes . 

P i ece wi th 1 saw surface . No p i ts or 
pati na on rock su rface . 5x3x l . 5 em . 

Smal l chi ps and fines from , 1 89 & , 1 6 .  

Sawed p iece . Some p i tti ng on one surface . 
Three sawed surfaces . 

Sawed p i ece . Fi ve s awed surfaces . P i tt i ng 
present but rare . 

Sawed pi ece . Three surfaces are s awed , 
one i s  pi tted . 
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CH EMI CAL ANALYSES 

Number of 
E l ement Analyses Mean Un i ts Range 

S i 02 2 40 . 72 PCT 1 .  56 

Al 203  3 1 0 . 57 PCT 1 . 03 
Ti 02 5 1 0 . 08 PCT 3 . 75 

FeO 4 1 8 . 46 PCT 1 .  62 

MnO 5 . 261 5 PCT . 022 
MgO 2 8 . 06 PCT . 4 5  
CaO 3 1 1 . 69 PCT . 9 1 

Na20 6 . 37 2  PCT . 0 1 9  
K20 4 . 057 PCT . 01 6  
P20s 2 . 1 1 8  PCT . 085 

Cr20 3 4 . 351 4 PCT . 0685 

Li 5 . 00 PPM 0 
Rb 5 . 72 PPM . 1 24 
Be 2 . 00 PPM 0 
Sr  3 1 49 . 5  PPM 5 . 3 
Ba 2 86 . 55 PPM 1 8 . 9  
Sc 3 91 . 3  PPM 1 3 . 0  
v 59 . 0  PPM 0 

Co 3 1 9 . 66 PPM 3 . 0  

Cu 2 5 . 1 35 PPM 2 . 87 

Zu 2 1 . 69 PPM . 81 
y 1 30 PPM 0 

Zr 2 31 0 PPM 1 00 
N b  1 36 PPM 0 
Mo 2 . 32 PPM. . 1 6  
Cd 6 . 37 PPB 0 
Ta 3 1 . 53 PPM 1 . 1 
w 1 . 1 3  PPM 0 
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Number of 
E l ement Anal,z:ses Mean Uni ts Range 

Hf 2 7 . 4  PPM 1 . 6 
I r  1 .03  PPB 0 
La 4 7 . 7 PPM 1 . 8 

Ce 4 27 . 58 PPM 9 . 1  

Pr 1 8 . 7  PPM 0 
Nd 2 35 . 5  PPM 9 . 0  
Sm 3 9 . 64 PPM .47 

Eu 5 1 . 57 PPM . 3 5  

Gd 2 1 6 . 5  PPM 1 . 0 

Tb 3 2 . 89 PPM 1 . 4 

Dy 4 1 7 . 22 PPM 2. 2 

Ho 2 5 . 0 PPM 4 . 0  

Er 2 9 . 5  PPM 1 . 0 

Tm 1 1 . 2 PPM 0 

Yb 4 8 . 1 9  PPM 3 . 37 

Lu 4 1 . 45 PPM . 09 

Th 2 1 . 08 PPM . 82 

u 3 . 1 84 PPM .08 
B 1 . 00 PPM 0 

Ga 2 2 . 7  PPM 1 . 6 

I n  1 . 01 46 PPM 0 

T1 1 . 33 PPB 0 

c 1 00 PPM 0 

Pb . 36 PPM 0 

N 1 40 PPM 0 

As 2 . 045 PPM .030 

Sb  1 . 0 1 PPM 0 

B i  1 . 1 5  PPB 0 
s . 1 7  PCT 0 

Se 2 . 3 25 PPM . 1 5  



l 0020 

Number of 
E l ement AnalJ::ses Mean un ·i ts Range 

Te 1 . 01 3  PPM 0 
F l 85 PPM 0 
Cl 1 1 50 PPM 0 

Ana lysts : Ganapathy et al . ,  ( 1 970 ) ; Morri son et al . ,  ( 1 970) ; Tureki an & 
Kharkar, ( 1 970 ) ; Maxwel l et a l . ,  ( 1 970 ) ; Kharkar and Turek i an ,  ( 1 971 ) ;  
Gast ( 1 970) ; Has k i n  ( 1 970) ; Wanl ess ( 1 970 ) ;  Tatsumoto ( 1 970) ; Hurl ey & 
Pi nson ( 1 970) ; Papanastass i ou ( 1 970 ) ; Roshol t & Tatsumoto ( 1 970) . 

Age References : Wan l ess ( 1 970) ; Eberhardt  ( 1 97 l b ) ; Tats umoto ( 1 970) . 

1 27 
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1 0021 ,0 
Ori gi nal PET Photo 

(5:..69-45226) 

10021 , 36 
( S -75-3 1372 )  



1 0021 

Sampl e 1 0021 i s  a rounded, medi um l i ght  grey brecci a .  Th i s  samp l e  
ori g i n al ly wei ghed 250 gm and was returned i n  the Conti ngency Sampl e 
Bag . 

BI NOCULAR DESCRI PTION 

ROCK TYPE : B recci a 

BY : Twedel l 

SAMPLE : 1 0021 , 36 

DATE : 9/1 1 /75 

WEI GHT : 66 gm 

COLOR: ME!di urn 1 i ght grey D IMENSI ONS : 7 . 5x6x3 . 5  em 

SHAPE : Rounded to sub-rounded 

COHERENCE : I ntergranul ar - coherent 
Fracturi ng - absent 

FABRI C/TEXTURE : Ani sotropi c/Breccia 

VARI AB I LITY :  Homogeneous 

1 29 

SURFACE : Rounded and rel ati vely smooth on exposed su rfaces . Surface 
i s  covered l i ghtly wi th brown g l assy s patter and opaque 
ma teri a l . Gl ass cover is < 1 %  of any one surface . 

ZAP P ITS : Many on E 1 ,  few on T1  and W 1 ,  none on B 1 • S 1 , N 1 • P i ts are 
gl ass l i ned and range up to lmm i n  di ameter .  

CAVITI ES : Absent 

% OF S I ZE ( MM) 
COMPONENT COLOR ROCK SHAPE DOM . RANGE 

Matri x Med . Dk . Grey 96 Rou nded 

Basal t Cl ctst Hon . Brn . 2-3 I rregul ar to sub- 2-3mm < l - 6mm 
B l k . &  Wh .  rounded 

Sal t & Pepper Bl k . & Wh . 1 -2 Rounded to sub- l rrrn < l -3mm 
Cl ast rounded 

Whi te Cl ast Whi te I rregul ar 0 . 5mm < lmm 

Speci al Features : 

Al though th i s  rock resembl es 1 001 9 ,  and 1 0023 mi nera l og i ca l l y ,  i t  has 
one di s ti ngu i shi ng feature . The surface h as a l i ght coat of · brown 
gl ass wh i ch the other sampl es do not h ave . The g l ass i s  only on the 
exteri or surfaces , and does not appear to be on any fresh surface . 
Gl ass covers l ess than 1 %  of any surface . 
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SECTION : 1 0021 , 29 W i dth of f ie l d 1 . 39 mm p l ane l i ght 

TH IN SECTION DESCRI PTION BY : Wal ton DATE : 6/22/76 

SUMMARY : Partly devi tri fied typi cal  brecci a  w ith a rel atively l ow 
amount of g l ass fragments . Al l the l i thi c cl asts are sma l l 
and a majori ty of the mi neral cl asts are pl agi ocl ase . 

PHASE  % S ECTION 

MATRI X 50% OF ROCK 
SHAPE S I ZE (MM )  COMMENTS : 

Dk .Brown 1 00 <0 . 001 Gl ass - ri ch encl os i ng 
sma l l  l i th i c  cl asts and 
abundant mi neral cl asts ; 
partl y devi tri fi ed . 

MI NERAL CLASTS 1 9% OF  ROCK 

PHASE RELATI VE  ABUNDANCE SHAPE 

Pyroxene 1 Very abundant Angu l ar to i rregu l ar 
P l agi ocl ase2 Moderate Bl ocky to i rregu l ar 
Opaques3  Few B l ocky to s kel etal 

1 )  Mostly very smal l ,  i l l  defi ned crystal s .  
2 )  Good twi n pl anes ; some w ith uneven exti nct ions . 
3 )  Mostly i n  cl asts ; a few shards i n  matri x .  

S I ZE ( MM) 
0 . 00 1 -0 . 2  
0 . 001 -0 . 1  
0 . 001 -0 . 2  
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L I TH I C  CLASTS 1 9% OF ROCK 

TYPE 

Sma l l  

Large4 
4) a .  

RELATI VE ABUNDANCE SHAPE 

Very abundant Rounded to i rregul ar 
S i x  present Rounded to i rregu l ar 

S I ZE (MM) 

0. 001 -1 . 0 

> 1 . 0  

b .  

c .  

d .  

e .  

f. 

TYPE 

Coarse-gra i ned basal t composed of pyroxene , pl ag i ocl ase and 
i 1 men i  te . 

G l iiss -ri ch matri x host i ng  sma l l crystal l i tes of pyroxene and 
pl iigi ocl ase . 

Fi ne-gra i ned bas a 1 t composed of pyroxene ,  p 1 ag i oc 1 ase and 
i l men i te .  

Fi ne-gra i ned basal t composed of pyroxene , p l agi oc l ase and 
i l meni te . 

Coa rse-gra i ned basal t composed of pyroxene ,  pl ag i ocl ase and 
i l meni te . 

Crystal aggragati on of pyroxene and pl agi ocl ase wi th some 
gl ass i n  the matri x .  

GLASS CLAST 1 9% OF ROCK 
RELAT I VE ABUNDANCE SHAPE 

Yel l ow-Orange5Very abundant Angul ar to spheri cal 

S I ZE (Mt>' )  

0 . 001 -0 . 3  

0 . 001 -0 . 5  Col orl es s6  Few Angu l ar 

5 )  Mostly angu l ar fragments wi th a few spheri ca l  masses . 
6 )  Partly devi tri fi ed ; no spheri cal masses . 

Sel ected References : Fredri ks son et al . ( 1 970) 

H ISTORY AND P RESENT STATUS OF S AMPLES - 1 0 / 1 3/76 

1 0021 was removed from the Cont i ngency S ampl e Contai ner and processed 
i n  PCTL . A l arge pi ece was sent to RCL for gamma-ray counti ng .  Pri s 
ti ne sampl es were re-exami ned i n  SSP L .  

PRISTINE SAMPLES : ( Al l  PCTL-.RCL -SSPL)  

10 5 . 6 1 gm Ch i ps and fi nes . 
37 1 . 37 gm l -2mm fi nes . 

38 2 . 29 gm Less than l mm fi nes . 
39 2 . 05 gm Less than 1 mm fi nes . 
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41 34 . 52 gm 1 5-20 smal l ch i ps .  Few are pi tted . Samp l e 
exposed to a i r ;  has some rus t .  

79 1 4 . 81 gm Chi p .  One p i t ted surface . 
80 7 . 87 gm Ch i p .  One pi tted surface . 
81 6 . 41 gm Chi p .  Two pi tted surfaces . 
82 0 . 63 gm Ch i p s  and fi nes from , 79 , 80 , 81 .  
83 l .  73 gm Ch i p .  Al l surfaces fres h .  One surface has 

l arge basal t i c  cl as t .  

RETURNED  SAI�PLES : None 

CHEMI CAL ANALYSES 

Number of 
E l emen t  Ana l.z:ses Mean Un i ts Range 

S i  02 2 43 . 26 PCT 2 . 67 
Al 203  3 1 2 . 83 PCT . 63 
T i 02 4 7 .  72 PCT 3 . 00 

FeO 3 1 6 . 08 PCT l .  1 5  

MnO 5 . 21 0 PCT . 027 

MgO l 8 .  29 PCT 0 

CaO 2 1 2 . 1 0  PCT 2 . 66 

N a20  3 . 466 PCT . 005 

K20 3 . 1 96 PCT . 020 

Li l 1 3 .  PPM 0 

Rb 2 4 . 02 PPM . 03 

Be l 2 . 0  PPt-1 0 

Sr  2 1 47 . 5  PP�1 3 5 . 0 

Ba  4 292 . 75 PPM 1 39 . 0  

Sc  4 66 .9  PPM l 0 .  2 

v 3 64 . 0  PPM 1 4 . 0 

Cr203 4 . 3 1 0  PCT . 077 

Co 4 30 .4  PPM 6 . 0  
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Number of 
E l ement .�na l�s es Mean Uni ts Range 

N i  1 84 .  PPM 0 
Cu 1 2 . 0  PPM 0 
Zn 1 24 . 0  PPM 0 
y 1 1 1 3 . 0  PPM 0 
Zr  3 324 . 67 PPM 1 74 . 0  

Nb 1 . 28 . 0  PPM 0 
Mo 1 . 2  PPM 0 
Ag . 36 PPM 0 

Ta 3 1 . 6 PPM . 4  

Hf 3 1 2 . 63 PPM 1 . 2 

I r  1 . 008 PPM 0 
Au 2 . 003 PPM . 002 

La 5 1 8 . 64 PPM 4 . 5  
Ce 4 54 . 62 PPM 1 2 . 7  

Nd 48 . 9  PPM 0 

Sm 5 1 3 . 96 PPM 6 . 2  
Eu 5 1 . 88 PPM . 2 

Tb 3 3 . 47 PPM 1 . 1  

Dy 4 22 . 8  PPM 4 . 3  

Ho 2 6 . 45 PPM . 9  
Er  1 3 . 0  PPM 0 

Y b  4 1 2 . 38 PPM 4 . 6  

Lu 4 2 . 1 1  PP�1 . 26 

Th 1 2 . 5  PPM 0 

u 2 . 505 PPM . 1 7  

Ga 2 5 . 05 PPM . 9 

I n  2 25 . 0 1  PPM 49 . 98 

Ge . 41 PPM 0 

As . 050 PPM 0 

0 41 . 8  PCT 0 



1 34 

E l ement 

Se 

Number of 
Analyses Mean 

. 1 7  

1 0021 

Uni ts Range 

PPM 0 

Ana lysts : Ehmann & Morgan ,  ( 1 970) ; Gal es et al . ,  ( 1 970) ; Turek i an & Kharkar, 
( 1 970) ; Kharkar & Tureki an , ( 1 971 ) ;  Annel l & Hel z ,  ( 1 970 ) ; O ' Kel ly et al . ,  
( 1 970) ; Ph i l potts & Schnetzl er,  ( 1 970 ) ; Was son & B aedecker,  ( 1 970 ) . 

Age References : H i ntenberger ( 1 971 ) .  



1 0022 , 0  
Ori g i nal PET Photo p em 

1 0022 , 1 08 
( S -76-25426 ) 

1 35 
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1 0022 

Samp l e  1 0022 i s  a medi um dark grey ves i cu l ar basa l t .  Th i s  sampl e  or ig i nal ly 
we i ghed 95 gm and measured 5x4x3 em . S amp l e  was returned i n  the Conti ngency 
Samp l e  Bag .  

B I NOCULAR DESCRI PTI ON 

ROCK TYPE : Ves i cu l ar bas a l t  

BY : Twedel l 

S#1PLE : 1 0022 ,3 1  

DATE : 6/ 1 5/ 76 

WEIGHT : 20 . 9  gm 

COLOR : Med i um dark grey DI MENS I ONS : 2 . 4  x Z . Z  x Z . Z  em 

SHAP E :  I rregu l ar 

COHERENCE : I ntergranu l a r  - tough 
Fracturi ng  - absent 

FABRI C/TEXTURE : I sotrop i c/Equ i granu l ar 

VARIAB I L I TY :  Homogeneous 

SURFACE : I rregu l a r, but du st free . Some pati na present . 

ZAP P ITS : One surface has  a few pi ts . 

CAVITI ES : Ves i cl es cover 20% of su rface. Cav it ies are crys tal  l i ned . 

% OF 
COMPONENT COLOR ROCK SHAPE 

Pyroxene 1 Dark Brown 60 Subhedra l 

P l agi ocl ase2 Whi te 25 Lathy to euhedral 

I l meni  te 3 B l ack 1 5  Anhedra l  

1 )  Range from dark honey brown to vi treous b l ack . 
2 )  C lear  and tran s l ucent ( crushed ) crystal s .  
3 )  P l aty semi -opaque crystal s .  

S I ZE ( MM )  
DOM. RANGE 

. 2  < . 1 - . 3  

< . 1  < . 1 - . 1  

< . 1  < . 1  



SECTI ON 1 0022 , 57 

THIN  SECT! ON DESCRI PTI ON 

1 0022 1 37 

W i d th of fi el d 1 . 39 mm pl ane l i ght 

BY : Wal ton DATE : 6/1 5/76 

SUMMARY : Fi ne-gra i ned ves i cul ar  i n tersertal basa l t composed of cl i no
pyroxene ,  pl agi oc l ase and i lmen i te wi th s ubord i nate mesos 
tas i s .  The crystal s o f  pl agi ocl ase are , for the most part, 
tabul ar whi ch appear in the secti on as thi n narrow ac i cu l ar  
crysta l s  wi th poor opti cal characteri s t i cs .  Masses of an
hedra l  pl agi ocl ase occur as i ntersti ti a l  voi d fi l l i ngs i n  
the pyroxene- i l meni te network . Al so fi l l i ng voi ds i n  the 
network are smal l masses of gl ass -ri ch mesostas i s .  

PHASE % OF SECT ION SHAPE S I ZE ( �1M ) 
Pyrox 43 Anhedra l , i rregu l ar 0 . 0 1 -0 . 1 

Pl ag l l  Anhedra l to aci cu l ar 0 . 01 -0 . 3  

Opaq 39 Subhedral to skel eta l 0 . 001 -0 . 8  
Meso 7 Irregu l ar 0 . 001 -0 . 05 
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COMMENTS : 

Pyroxene - Sma l l pal e brown to nearly cl ear anhedral crystal s of 
pyroxene forms an a lmost conti nuous network wi th the l arger 
i lmen i te crystal s i n  the rock . Thi s  network then hosts a l l other 
phases present .  Many of the pyroxene crystal s are polygranul ar ,  
but  appear as  a monocrystal i n  pl ane l i ght . Many of  the ves i cl es 
are l i ned wi th very fractured pyroxene crystal s .  Many of the sub
hedral crysta l s of i l meni te are whol ly  encl osed in pyroxene cry-
s ta 1 s .  

P l ag i ocl a se - The pl ag i ocl ase crystal s i n  th i s  rock d i ffer some
what from the typ i cal Apol l o  1 1  i ntersertal basal t .  Nearly 
every crystal i s  anhedral and occurs as i nterst it i a l  voi d  fi l 
l i ngs i n  the pyroxene-i lmeni te network . I n  sect i on ,  however, 
many of the crystal s appear as aci cul ar crysta l s  s ometimes wi th 
g l ass centers . No wel l  defi ned crystal cou l d  be found . I so 
l ated crysta l s are rare to  absent . The twi nn i ng i s  poor and 
ext i ncti ons uneven . A few fan -shaped masses are present,  but 
aga i n are not composed of euhedral crystal s :  

I s ol ated patches of a gl ass -ri ch mesostas i s  a l s o  occur as an i n 
ters ti ti al component i n  the network .  The col or i s  a dark brown .  
Many of the masses occur near or  at  a p lagi ocl ase-pyroxene i n
terface . The masses are turb i d  and very i rregu l ar i n  shape . 

Opaques - I l men i te makes u p ,  by far, the most abundant opaque 
mi neral i n  the rock . Two generati ons of crystal s are present 
i n  the rock . The fi rs t type forms l arger s ke l etal crystal s w i th 
several of the crystal s having chromi te and rut i l e  exsol uti ons . 
These crysta l s  are very erose and the embayments are predomi n
ate ly  fi l l ed wi th pyroxene . 

The s econd type forms sma l l er l ath -l i ke crysta l s ,  some of wh ich 
are qu i te thi n .  I n  secti on many of these appear as l ong thi n  
aci cul ar crystal s .  Several of these crysta l s  are bent and 
broken . 

TEXTURE : Fi ne-gra i ned i ntersertal basal t cons i sti ng of a network of 
pyroxene crysta l s that are i ntergrown wi th l arger s kel etal i l men i te 
crysta l s .  Intersti ti a l  to th i s  network are crystal s of pl ag i o
cl ase and masses of mesostas i s .  Sma l l  subhedral to nearly euhedral 
crys tal s of i l meni te occur i ncl uded in some of the pyroxene gra i ns . 
The pl agi ocl ase i s  a l l  or nearly  al l i ntersti t i a l  whi l e  appeari ng 
as l ong aci cu l ar crysta l s in the secti on . Contacts are sharp be
tween a l l phases . 

Sel ected References : Cameron ( 1 970) , Kushi ro and Nakamura ( 1 970 ) , 
Smi th ,  J . V .  et al . ( 1 970) , Wei l l  et al . ( 1 970 ) . 
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H ISTORY AN D PRESENT STATUS OF SAMPLES - 1 0/ 1 3/76 

1 0022 was removed from the Contingency Sampl e Contai ner and proces sed 
in PCTL . At some time , the sampl e, or a porti on of the samp l e ,  was 
sawed i n  SPL . Samp l es were re-exami ned i n  SSP L .  

PRISTI NE  SAMPLES : 

1 08 8 . 01 gm 

1 1 4  1 . 69 gm 

RETURNED  SAMPLES : 

31 2 1 . 88 gm 

Number of 
El ement Anal�ses 

Si 02 3 

Al 203 4 

Ti 02 3 

FeO 4 
MnO 4 
MgO 2 
CaO 2 
Na20  3 
K20 3 
Li 1 
Rb 4 
Cs 1 

Sr 4 
Ba  4 

Chi p .  Pi tted on two surfaces . 
PCTL-SPL-SSPL 

Fi nes . PCTL-SPL-SSPL 

Chi p .  Pi tted on two surfaces . Has been 
heated to 525 °C .  Pos si b l e s i l i cone grease 
contami nati on . 

CHEMI CAL ANALYSES 

Mean Uni ts Range 

41 . 6  PCT 3 . 1  
8 . 1 9  PCT . 872  

1 2 . 24 PCT . 48 
1 8 . 97 PCT 2 . 06 

. 23 PCT . 028 
7 . 27 P CT . 943 

1 0 . 52 PCT . 3 5  
.439 PCT . 1 1 0  
. 280 PCT . 035 

1 1  . 5  PPM 0 
5 . 73 PPM . 43 
. 2  PPM 0 

1 66 .48 PPM 9 . 0  
248 . 75 PPM 57 . 0  
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Number of 
E l ement Ana lyses Mean Uni ts Range 

Sc  3 76 . 97 PPM 2 . 30 

v 2 79 . 50 PPM 1 9 . 0  

Cr2 03  4 . 342 PCT . 041  

Co 3 29 . 27 PPM . 80 

N i  9 . 98 PPM 0 

Cu 1 5 .  1 PPM 0 
Zn 2 . 9  PPM 0 

y 1 230 . 0  PPM 0 

Zr 2 360 . 0  PPM 460 .  

Ag 1 . 002 PPM 0 

Ta 3 1 . 27 PPM . 8  

Hf 3 1 9 . 73 PPM 3 . 4  
Au . 00 1  PPM 0 

La 3 25 . 37 PPM 2 . 6  

Ce 3 76 .63 PPM 1 2 . 5  

Nd  1 65 . PPM 0 

Sm 3 20 . 2  PPM 2 . 1  

Eu  3 2 . 1 4  PPM . 25 

Gd 23 . 9  PPM 0 

Tb 3 4 . 9 1 PPM 1 . 2 

Dy 2 30 . 05 PPM . 1 

Ho 3 8 . 37 PPM 2 . 7  

E r  1 1 5 . 8  PPM 0 

Yb 4 1 5 . 85 PPM 1 4 . 

Lu 3 2 . 55 PPM . 22 

u 2 . 735 PPM . 1 3  

Ga 2 . 9  PPM 0 

I n  . 008 PPM 0 

As 1 . 063 PPM 0 

Sb 1 . 006 PPM 0 
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Number of 
E l ement Ana lyses Mean Uni ts Range 

0 39 . 3  PCT 0 
Se . 7  PPM 0 

Cl 1 9 . 3  PPM 0 
Br . 1 29 PPM 0 

Analysts : Ehmann & Morgan , ( 1 970 ) ; Go1 es et al . ,  ( 1 970 ) ; Rose et al . ,  ( 1 970) ; 
Has k i n  et al . ,  ( "1 970 ) ; �1urthy et a l . ,  ( 1 970) ; Gopa1 on  et al . ,  ( 1 970 ) ; 
Hurl ey et al . ,  ( "1 970 ) ; Ehmann and Morgan , ( 1 9 70 ) . 

Age References : Turner ( 1 970 ) ; Eberhardt ( 1 97 1 b ) . 
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1 0023, 0  
Ori g i n a l  PET Photo 

( S-69-4539 3 )  

1 002,3 . 1  
( S -75-3 1 694 )  
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1 0023 

Sampl e 1 0023 i s  a sub-rounded ,med i um dark grey , fi ne brecci a .  Th i s  sam
pl e or igi n al l y  we i ghed 66gm arid measured 6x4x2cm . It was returned 
i n  the Conti nqency Sampl e  baq . 

B I NOCULAR DESCRI PTI ON 

ROCK TYPE : Fi ne brecci a 

COLOR : Nedi urn dark grey 

SHAP E :  Rounded to sub-rounded 

BY : Twedel l  

SAMPLE : l 0023 , 2 

DI MENSI ONS : Four ch i ps 

COHE RE NCE : I ntergranu l a r  - coherent 

DATE : 9/ 1 2/75 

WEI GHT : 19 gm . 

Fracturi ng  - few , non-penetrative ;  rock i s  mi cro
fractured ( PET ) . 

FABRI C/TEXTURE : An i sotropi c/Fi ne Brecci a 

VARI AB I L ITY : Homogeneous 

SURFACE : Surface i s  rounded on exposed su rface to sub-rounded on 
fresh surface ( see special  features ) ;  one s i de i s  a fl at 
fracture su rface ( PET ) 

ZAP P I TS :  Many on T 1 , few on E 1 ,  none on W 1 , N 1 , S 1 •  B 1 • P i ts are 
�l ass l i ned up to l . 5mm i n  di ameter . 

CAVIT I ES : None 

% OF S I ZE ( M�1 ) 
COMPONENT COLOR ROCK SHAPE DOM . RANGE --
Matr ix  Med . Dk . Grey 97 Rounded 

Basa l t Cl ast1 Honey Brn . Su brounded to l mm . 5- l . 5mm 
B l k .  & Wh . rounded 

Whi te2 Whi te Rounded to lmm . 8- l . 5mm 
i rregul ar 

Sal t & Pepper 3 B l k .  & Wh . < l  Rounded lmm l mm  

Brown Cl ast4 Brown < l  Irregu lar  Only 

l )  Same type of cl ast as seen i n  1 0021 , 1 00 1 9 .  
2 )  See spec i a l  features 
3 )  Opaque materi a l  is in el ongated l aths . 
4 )  The only one v i s i b l e  on the samp l e  has a granul ar appearance . I t  
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does not appear to be crushed gl ass .  Cl ast has a smal l er whi te 
cl ast contai ned wi th i n  i t .  

SPECIAL FEATURES : Brown gl assy spatter covers about 5% of s u rface 
area . Smal l amounts of green g l as s  appear i n  i so
l ated areas of fresh su rface . Three types of whi te 
cl asts occur :  1 )  pure wh i te ;  2 )  wh i te w ith  brown 
gl ass ; and, 3 )  wh i te wi th green gl ass . I n  a l l 
cases , the wh i te component i s  granul ar to powdered . 

SECTION : 1 0023 ,42 

TH I N  SECTION DESCRIPTION 

Wi dth of fi el d 2 . 72 mm p l ane l i ght  

BY : Wal ton DATE : 6/23/ 76 

SUMMARY : Partly devi tri fied typi cal brecci a  wi th a l ow l i th i c  cl ast 
content .  Numerous mi neral fragments are present, some of 
wh i ch are subhedral . Most of the l i th i c  cl asts present are 
l arge wi th only a few sma l l  cl asts present .  

PHASE % SECTION 

Dark Brown 1 00 

MATRI X 50% OF ROCK 

SHAPE S I ZE (MM) 
<0 . 001 

COMMENTS : 

H i gh g l ass content 
wi th some dev i tri fi ca� 
t i on . 
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MINERAL CLASTS 43% OF ROCK 
PHASE RELATI VE ABUNDANCE SHAPE --
Pyroxene 1 Very abundant Angu l ar to i rregu l ar 
Pl agi ocl ase2 Few Bl ocky to i rregu l ar 

Opaques 3 Few S kel etal to i rregu l ar 

l ) Mos t show poor exti ncti ons . 
2 )  Some good twi ns ; mostly poor opti cal characteri s ti cs . 
3 )  Very smal l crystal s wi th a few l arge fragments . 

TYPE 
Smal l 

Large 4 

L ITH I C  CLASTS 2% OF ROCK 
RELAT IVE ABUNDANCE SHAPE 
Few 
1 0  present 

Rounded to i rregu l ar  
Rounded to i rregu l ar 

S I ZE ( MM) 
0 . 001 -0 . 3  

0 . 001 -0 . 2  
0 . 001 -0 . 1  

S I ZE  (MM) 
. 001 -1 . 0  

> 1 . 0 

1 45 

4 )  a .  Fi n1�-grai ned suboph i t i c  basal t composed of cl i nopyroxene , pl ag 
i oc·l ase ,  and i l meni te . 

b .  

c .  

d .  

e .  

f. 

g .  

h .  

i .  

j .  

TYPE 

Coarse-grai ned i ntersertal basa l t composed of cl i nopyroxene , 
p l ag ioc lase,  i l meni te and mesostas i s .  
Fine-gra i ned basal t composed of c l i nopyroxene , pl agi ocl ase and 
i l men i te .  

Fi ne-grai ned basal t composed of c l i nopyroxene , pl agi ocl ase and 
i l meni te .  

Fine-grai ned basal t composed of cl i nopyroxene ,  pl ag iocl ase and 
i l men i te .  

Coa·rse-gra ined basal t composed of cl i nopyroxene , pl ag i ocl ase 
and i l meni te . 
Coa·rse-gra i ned basal t composed of  cl i nopyroxene , p l ag i ocl ase 
and i l meni te .  
Coa rse-grai ned basal t composed of cl i nopyroxene, pl ag i ocl ase 
and i l meni te . 

Gl ass -ri ch matri x wi th smal l pyroxene dendri tes . 

Composed of smal l crys tal fragments i n  a partly gl assy matri x .  

GLASS CLASTS 5% O F  ROCK 

RELAT I VE ABUNDANCE SHAPE  
Yel l ow-Oran9e5 Very abundant Angu l ar to spheri cal 

S I ZE ( MM ) 
0 . 00 1 -0 . 6  

5 )  Mos t fr.�gments wi th on ly a few spheri cal mas ses . 
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H I STORY AND PRESENT STATUS OF SAMPLES - 1 0/ 1 3/76 

1 0023 was removed from the Conti ngency Samp l e  Contai ner and processed 
i n  PCTL .  S ampl es were re-exami ned i n  SSP L .  

PRI STINE SAMPLES : 

1 6 . 57 gm 

1 6  1 . 06 gm 

RETURNED SAMPLES : 

2 1 9 . 53 gm 

Three l arge ch i ps ,  sma l l  ch i ps and fi nes . 
Two of the l arge ch i ps are pi tted . PCTL-SSPL 

Fi nes . PCTL-SSPL 

P i ece . P i tted on two su.rfaces .  

NO CHEMI CAL ANALYSES OR AGE DATES 



1 0024 , 0  

Ori g i na l  PET Photo 
( S -69-46030) 

1 0024 

( S -75-3 1 693 )  

1 47 
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1 0024 
S ampl e 1 0024 i s  a sub-angu l ar, medi um l i ght grey , f i ne qrai ned  
basal t .  Thi s  sampl e ori gi nal ly wei ghed 68gm and  measured 5x4x2 . 5cm .  
� t was returned i n  the Contingency Sampl e Contai ner.  

B I NOCULAR DESCRIPTION BY : Twedel l 

ROCK TYPE : Ves i cu l ar basal t SAMPLE : 1 0024 , 27 

DATE : 6/8/76 

WEIGHT : 20 . 43  gm 

COLOR: Medi um l i ght grey 

SHAPE : Angu l ar to sub-angu lar  

DIMENS IONS : 3 . 2  x 2 . 4  x 1 . 3 em 

COHERENCE : I n tergranul ar - fri abl e 
Fracturi ng - few, non -penetrati ve 

FABRI C/TEXTURE : I sotropi c equ i granul ar 

VARI AB I L ITY :  Homogeneous 

SURFACE : Surface i s  granu l ated ; Fl at fracture surface on one s i de ( PET) 

ZAP P ITS : Few on T 1 , N 1 •  None on S 1 ,  W 1 , E 1 , B 1 •  P i ts are 
gl ass l i ned, up to lmm i n  di ameter .  

CAVITI ES : Surface i s  vuggy on  both fresh and exteri or surfaces . Vugs 
cover approximately 25% of rocks surface area . G l ass drop
l ets occur i ns i de some of the vug s .  

% OF S I Z E ( MM) 
COMPONENT COLOR ROCK SHAPE DOM. RANGE --
P l  agi ocl ase Whi te 30 Angul ar . 2  . 1 - . 4  

Pyroxene Brown 30 Angu l ar . 3  • 1 - .  5 

B l ack 1  Bl ack 25 Rounded . 3  . 1 - . 5  
I l meni te B l ack 1 5  Angu l ar . 3  < . 1 - . 3  

1 )  V itreous appearance , probably g l ass . 

SPECIAL FEATURES :  There are some dark grey crysta l s protrud i n g  from 
the vug wal l s .  
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SECTION 1 0024 , 29 

TH I N  SECTION DESCRI PTI ON 

SECTI ON : 1 0024 , 29 

1 0024 1 49 

c� ,:;:4/f!;� ., '- "' , -:';:;.':' --��{'' -· 

Wi dth of fiel d 1 . 39 mm pl ane l i ght 

BY : Wal ton DATE : 6/8/76 

SUMMARY : Fi ne grai ned i ntersertal basa l t  composed of cl i nopyroxene, 
pl agi ocl ase , and i l men i te wi th subordi nate mesostas i s . Few 
of the crysta l s i n  the sect i on show wel l def i ned crystal 
faces and most are somewhat rounded at the edges . Several 
groups of radi a l l y  cl ustered , aci cul ar pyroxene-pl agi ocl ase 
i ntergrowths are al so  present . Gl assy cores are present i n  
some of the crysta l s  as wel l  as a g l ass -ri ch mesostas i s  be
tween adj acent crystal l i ne phases . 

PHASE % OF S ECTI ON SHAPE S I ZE ( MM)  

Pyrox 45 Anhedral , i rregul ar 0 . 1 -0 . 8 

P l ag 22 Anhedral to ac icu l ar 0 . 2-0 . 9 

Opaq 23 Anhedral to subhedral 0 . 01 -0 . 4  

Meso 1 0  I rregu l ar 0 . 01 -0 . 03 
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COMMENTS : 

Pyroxene - The pyroxene forms pal e brown anhedral  crystal s which  
host the other phas es present. Wel l devel oped cl eavage i s  
found in  many crystal s ,  whi l e  fracturi ng  i s  present in  a l l the 
crystal s .  No marked zon i ng , bu t occa s i onal  twi nn i ng i s  present . 
The crysta l s make up an al most conti nuous array wi th many areas 
cons i st i ng of only  po lyg ranu l ar pyroxene . Al l contacts with the 
other crysta l l i ne phases are sh arp and the mesostas i s  present 
i n  the secti on usua l ly  occurs between adj acent pyroxene crystal s .  

The mesostas i s  forms dark brown poorly defi ned i rregul ar  masses 
throughout the sect i o n .  The boundari es between the crysta l l i ne 
phases and the mesostas i s are i l l defi ned and the g l assy materia l  
appears to have fi l l ed i nterst i t i a l  open i ngs in  the other phases . 
Some devi tri fi cati on has taken pl ace a s  the masses are very 
turbi d .  

P l agi ocl ase - Two major types of pl ag i ocl ase occur i n  the rock.  
The l arger anhedral crystal s are skel etal , poorl y  formed and 
form i nterst i t i a l  masses between the pyroxene crystal s .  The 
smal l er aci cul ar crystal s are l ath-l i ke and may have hol l ow cen
ters fi l l ed wi th a g l assy phase . These crystal s form i nter
growths wi th aci cu l ar pyroxene crystal s i n  more or l es s  fan
shaped manner. Many of the termi nations are qu i te s pl i ntery .  
Smal l crystal s  of an apati te-l i ke phase i s  present associ ated 
with the pl ag iocl ase .  Thi s phase was not i denti f i ed .  

Opaques - The primary opaque phase present i n  the rock i s  i lmen i te .  
It  forms skel eta l crystal s wh i ch are scattered throughout the 
secti on . Few termi nati ons are present on any crystal s .  Some 
chromi te exso l utions are present . Most  of the crystal s of 
i l men ite are very erose and the embayments fi l l ed w i th pyroxene . 
A few l ath-l i ke subhedral crystal s are present . These are 
smal l er and far more uncommon than the l arger skel etal crystal s .  

Many masses of troi l i te w i th and wi thout i ron-ni ckel i nc lus i ons 
are found scattered throughout the sect i on .  

Kushi ro and Nakamura ,  ( 1 970 )  have reported l arge crystal s of 
cri s tobal i te from thi s  rock . None of the sect i ons exami ned 
cou l d  confi rm the ir  observati on . Several sma l l areas of the 
mesosta s i s  had what appeared to be sma l l s i l i ca i ncl usi ons but 
these were not con fi rmed . 

TE XTURE : Nearly equ i granul ar i nterserta1 basal t cons i s ting  of a net
work of pyroxene that  i s  i ntergrown w i th l arge s kel etal crysta l s  
o f  i l men i te .  Occu rri ng  i ntersti t i a l  to th i s  network are pl agi o-
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cl ase tab l ets that are i ntergrown wi th the edges of the pyroxene, 
aci cu·l ar pyroxene-pl agi ocl ase i ntergrowth , sma l l  su bhedra l crysta l s  
of  i l meni te ,  and anhedral masses of  pl agi ocl ase and mesostas i s .  
Contacts a re sharp between crysta 1 1  i ne phases . 

H ISTORY AND PRESENT STATUS OF SAMPLES - 1 0/1 8/76 

1 0024 was removed from the Conti ngency Sampl e bag i n  PCTL . The sampl e 
was spl i t  i n  PCTL and was l ater re-exami ned in SSPL . 

PRI STI NE SAMPLES : ( Al l P CTL-SSPL ) 
7 0 .  01 gm Less than lmm fi nes . 

1 9  7 . 22 gm Two l arge pi eces p lus  sma l l  ch i ps and fi nes . 
There are no pi tted surfaces . 

27 20 . 427 gm P i ece wi th one pi tted surface . 

RETURNED SAMPLES : 

1 7  1 0 . 59 gm P i ece wi th no pi tted surfaces . 

CH EMI CAL ANALYSES 

Number of 
E l ement Analtses Mean Uni ts Range 

S i 02 3 39 . 61 PCT 1 .  25 

Al 203 4 8 .  32 PCT 1 .  75 
Ti  D2 3 1 2 . 54 PCT 1 . 3 

FeD 3 1 9 . 26 PCT l .  3 1  

MnO 3 . 23 1  PCT . 028 
MgD 3 7 . 59 PCT . 981 
CaD 3 1 0 . 2  PCT . 726 
Na20 3 . 489 PCT . 06 

K2D 4 . 303 PCT . 059 
P2Ds . 2 PCT 0 
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Number of 
E l ement Analyses Mean Uni ts Range 

Rb 5 5 . 99 PPM . 7 2  

Sr 3 1 73 . 7  PPM 1 7 . 5  
Ba 3 255 .0 PPM 1 40 .  

Sc 1 76 . 2  PPM 0 
v 2 60. 5 PPM 47 . 
Cr20 3 3 . 372 PCT . 065 
C o  2 30 . 2  PPM 3 . 6  
N i  1 20 . 04 PPM 0 

Cu 1 6 . 0  PPM 0 
Zn 1 4 . 0  PPM 0 
y 1 68 . 0  PPM 0 

Zr 2 51 2 . 5  PPM 27 5 .  
Nb 1 25 . PPM 0 

Ta 1 2 . 4  PPM 0 
Hf  1 20 . 0  PPM 0 

La 2 31 . 0  PPM 1 6 .  
Ce 3 86 . 87 PPM 32 . 
Pr 1 2 . 0  PPM 0 
Nd 2 60 . 55 PPM 1 1  . 1  

Sm 2 21 . 3  PPM 4 . 2  
Eu 1 2 . 21 PPM 0 

Gd 1 28 . 6  PPM 0 

Dy 33 . 6  PPM 0 

Ho 1 8 . 1  PPM 0 
Er 1 1 9 . 3 PPM 0 
Yb 2 1 8 . 1  PPM 0 
Lu 3 . 2  PPM 0 
Th 4 . 1  PPM 0 

u . 67 PPM 0 

Ga 5 . 0 PPM 0 



El ement 

0 
s 

Number of 
Analyses Mean 

3 8 . 9  

. 22 

1 0024 

Uni ts 

PCT 

PCT 

Range 

0 

0 

1 53 

Analys ts : Compston et al . ,  ( 1 970 ) ; Ehmann & Morgan , ( 1 970 ) ;  Rose et al . ,  
( 1 970) ; Gal es et a1 . , ( 1 970 ) ; Gopal on et al . ,  ( 1 970) ; Ph i 1 potts & Schnetz1 er ,  
( 1 970) ; Papan ;:�stass i ou & Wasserburg , ( 1 97 1 ) ;  Hurl ey & P i nson ,  ( 1 970) . 

Age References : Turner , ( 1 970) ; Eberhardt ( 1 97 l b ) ; Papanastassiou et al . ,  
( 1 97 1 ) . 
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1 0025 , 3  
( S-75-32638) 



1 0025 

Samp l e  1 0025 i s  a sub-rounded, dark q rey mi crobrecci a .  Thi s  sampl e  
ori g i na l ly  wei ghed 9gm and measured 3x3xl cm . I t  was returned 
i n  the Conti ngency Sampl e bag . 

B INOCULAR DESCRI PTI ON 

ROCK TYPE : Mi crobrecci a 

BY : Kramer and Schwarz 

SAMPLE : 1 0025 , 3  

DATE : 1 0/3/75 

WE I GHT : 8 . 06 gm 

COLOR : Dark Grey 

SHAPE : Sub-rounded 

DIMENSI ONS : 2 . 5  x � x 1 . 5 em 

COHERENCE : Intergranul ar - s l ightly fri abl e  
Fracturi ng - few fractures , penetrati ve 

FABRI C/TEXTURE : An i sotropi c/Mi crobrecci a 

VARIAB I L ITY : Homogeneous 

SURFACE : Smooth , rounded 

ZAP P ITS :  Few on Bl and S1faces , some g l a s s  l i ned ;  al l s i des have 
gl ass pi ts ( PE l ) . 

CAVIT I ES : Absent 

% OF S I ZE ( MM) 
COMPONENT COLOR ROCK SHAPE DOM . RANGE 

Matri x Dk . Grey 98 

Whi te Cl asts Wh i te Angu l ar . 25 < , 5  
G lass  S pheru l es Dark Spheres . 25 < . 5  

SPECIAL FEATURES : 

1 55 

Matri x i mmedi a tely su rroundi ng pi ts i s  rai sed wi th res pect to the non
pi tted matr ix ,  i . e . , they show h i g h  re l i ef .  

TH I N  SECTION DESCRI PTI ON : 

There was no th i n  secti on for the generi c 1 0025 at  the onset of 
secondary exami nation . Due to the smal l amount of remai ni ng sampl e 
( 8 . 06gm) , i t  was judged unwi se to remove a ch i p  for th i n  sect i ons . 
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H I STORY AND PRESENT STATUS OF SAMPLES - 6/29/76 

1 0025 was removed from the Conti ngency S ampl e bag i n  PCTL and was 
spl i t  i n  PCTL .  It  was l ater re-exami ned i n  RSPL .  

PRISTI NE SAMPLES : 

None 

RETURNED SAMPLES : 

3 8 . 06 gm P i ece . Two p i tted su rfaces . 

NO CHEMI CAL ANALYSES OR AGE DATES . 



1 0026 , 0  
Ori g i nal  PET Photo 

(S-69 -46078) 

1 0026 , 1 0  
( S-75-32595) 
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1 0026 
Sampl e 1 0026 i s  a sub-angu l ar ,  grey mi crobrecci a .  The samp l e  orl g l n 
a l ly  wei g hed 9gm and measured 2 . 5x2xl . 5cm . S amp l e  was returned i n  
the Conti n gency Samp le  bag . 

B I NOCULAR DESCRI PTION 

ROCK TYPE : Mi crobrecci a 

BY : Kramer and Schwarz 

SAMPLE :  1 0026 , 1 0  

DATE : 1 0/6/75 

WEIGHT : 8 . 47 gm 

COLOR : Grey DIMENSIONS : 2 . 5  x 2 x 1 . 5 em 

SHAP E :  Sub-angu l a r/sub-rounded ; a fa int l ayering can be observed 
para l l el to the fl at su rface ( PET) . 

COHERENCE : I n tergranu l ar - coherent 
Fracturi ng  - absent; two sets of fai n t  fi ne fractures 

bes t seen on fl at surface ( PET) . 

FABRI C/TEXTURE : Ani sotrop i c/Mi crobrecc ia  

VARIAB I LITY : Homogeneous 

SURFACE : I rregu l ar 

ZAP P ITS : Gl ass l i ned,  approx imately 1 0  pi ts/cm2 

CAVIT IES : Absent 

% OF 
COMPONENT COLOR ROCK SHAPE --
Matri x Grey 90 
Wh i te C last 1  Whi te 5 Angu l ar 

Sa l t & Pepper Whi te & 3 Angu 1 ar 
Cl ast  Dark 

Basal t C last2 Lt. Grey 2 Angu l ar 

1 )  P l agi ocl ase ( crushed) .  

S I ZE ( MM )  
DOM . RANGE 

0 . 5  . 25-1  
0 . 5  . 5 - 1  

0 . 4  

2 )  Remai ns o f  basal t cl ast, on edge o f  E1 face ( fresh surface ) . 

SPECI AL FEATURES : 

Col or of pyroxene vari es from l i ght orange-brown crushed pyroxene to 
red-dark brown i n di v i dual  crystal s to brown crysta l s  associ ated wi th 
pl agi ocl ase cl asts . 
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Width of  fi el d l . 39mm pl ane l i g ht  SECTION : 1 0026 , 1 7  

TH I N  SECTION DESCRIPTION BY : Wal ton DATE : 6/24/76 

SUMMARY : H i gh ly devi tri fi ed typ i ca l  brecci a wi th a rel at ively h i gh 
percentage of mi neral cl asts . The section i s  l i ght  i n  
co l or due to the h i gh number o f  the mi neral c l asts and the 
l ower percentage of matrix . 

PHASE % SECTI ON 

L t . B rown l 00 

MATRI X 47% OF ROCK 
SHAPE S I ZE ( MM) COMMENTS : 

<0 . 001 Di s conti nuous ; h i g h  
gl ass content; l arge 
amount of devi tri fi 
cati on . 

MINERAL CLASTS 30% OF ROCK 
PHASE RELATI VE ABUNDANCE SHAPE S I ZE { MM) 

Pyroxene 1 Very abundant Angu l ar to i rregu l ar  0 . 001 -0 . 3  

P l agi ocl ase2 Abundant B l ocky to i rregu 1 ar 0 . 001 -0 . 2  

Opaques3  Moderate B l ocky to i rregu l ar 0 . 001 -0 . 4  

1 )  Many exti ncti ons ; h i ghly fractured 
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2) Sharp twi n  pl anes to nearly gl ass 
3) High percentage i n  matri x ;  some i n  cl as ts .  

L ITH I C  CLASTS 1 8% OF ROCK 

RELATI VE ABUNDANCE SHAPE 

Very abundant Rounded to i rregu l ar 

Fi ve present Rounded to i rregu l ar 

S I ZE ( MM) 
0 . 001 -1 . 0 

> 1 . 0  

TYPE 

Smal l 

Large 4 

4 )  a .  Coarse-gra i ned basa l t  cons i s ti ng o f  pyroxene ,  pl agi ocl ase and 
i l meni te . 

b .  Fi ne-grai ned basal t con s i s ti ng  o f  pyroxene , pl ag i ocl ase and 
i l meni te . 

c .  Coarse-gra i ned basal t cons i s ti n g  o f  pyroxene , pl a g i ocl ase and 
i l men i te .  

d . Coarse-grai ned basal t cons i s ti ng of pyroxene , p l agi ocl ase and 
i l meni te .  

e . Fi ne-grai ned g l ass -ri ch matri x hosti ng  crystal fragments and 
rock fragments . 

TYPE 

GLASS CLASTS 5% OF ROCK 

RELATIVE ABUNDANCE SHAPE 

Yel l ow-Orange5 Very abundant Spheri cal to angu l ar 

Angu l ar Col orless6  Moderate 

S I ZE ( MM) 
0 . 001 - 1 . 2  

0 . 001 -0 . 5  

5 )  One yel l ow sphere 1 . 2mm 
few shards present . 

i n  di ameter;  most are only parti al  spheres ; 

6 )  Al l shards , no spheres ; some bubbl es . 

H ISTORY AND PRESENT STATUS OF S AMPLES - 6/24/76 

1 0026 was removed from the Conti ngency Sampl e bag i n  PCT L .  The s ampl e 
was l a ter spl i t  i n  RSPL and was re-exami ned i n  RSPL . There are no 
pri s ti ne s amples remai n i n g .  

PRISTINE SAMPLES : 

None 

RETURNED SAMPLES : 

1 0  8 . 46 gm P i ece . P i ts on fi ve faces . 

NO CHEMI CAL ANALYSES OR AGE DATES 



1 0027 , 0  
Ori gi na l  PET Photo 

( S -69-46023 ) 
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1 0027 

S ampl e 1 0027 is a subrounded, grey mi crobrecci a that ori g i na l ly wei ghed 
8gm and measured 3 . 5x2x l cm .  Thi s sampl e was ori gi nal ly returned i n  
the Conti ngency S ampl e bag . 

B INOCULAR DESCRI PTION BY : Kramer and Schwarz 

ROCK TYP E :  Mi crobrecci a SAMPLE : 1 0027 , 1 0  

COLOR : Grey D IMENSI ONS : 2 . 5x l . 7xl . 4  em 

SHAP E :  Subrounded 

COHERENCE : I ntergranu l ar - moderatel y  coherent 
Fractu ri ng - absent 

DATE : 1 0/8/75 

WEIGHT: 7 . 578  gm 

FAB RI C/TEXTURE : An i sotropi c/Mi cro-brecci a ;  suggestion of 1 i neati on 
l ocal ly  ( PET). 

VARI AB I L I TY : Homogeneous 

SURFACE : I rregu l a r  

ZAP P ITS :  Few . Many on B 1  and N 1 . P i ts are i rregu l ar and 
occas i onal l y  frothy . 

CAVIT I ES : Absent 

% OF 
ROCK 

S I ZE ( MM) 
COMPONENT COLOR 

Matri x Grey 

Whi te Cl as t 1  Whi te 

Basal t Cl as t2 Wh/Brn 

Sal t & Pepper Wh/Dark 
Cl as t 

Gl ass  Spheres B l ack 

Brown Cl as t 3  Lt . to 
Dk . Brown 

1 )  P l agi ocl ase i s  cru shed . 

90 
5 

2 

2 

< l  

SHAPE DOM . RANGE --
--- - --- - -- - --- - - -- --- -
Angu l ar . 5  . 25-1 

Su brounded 1 . 5-5 

Sub rounded . 5  . 25-2 

Spheri ca 1 . 25 < . 5  

Subangul ar . 25 < . 5  

2 )  One c l a s t  on N face i s  el ongated , approxi mately 5x2 mm .  Others 
are sma l ler .  

3 )  Occur as crys ta l s  and cl asts , vary i ng in  col or from l i ght  crushed 
cl asts to darker brown crystal s .  
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SECTION : 1 0027 , 36 

TH IN  SE CTI ON DES CRI PTI ON 

W i d th of fiel d l . 39mm pl ane l i ght  

BY : Wal ton DATE : 6/ 25/76 

S UMMARY : Partly devi tri fi ed typi cal brecci a wi th a very pal e brown 
matr·i x .  The co l o r of the matri x i s  mu ch l i ghter than for 
mos t  of the other Apol l o  l l  brecci a s .  Numerous mi n era l 
fragments are sca ttered throughout wi th a few l i th i c  cl asts . 

PHASE 

L ight B rown 

PHAS E  

Pyroxene 1  

P l agi ocl ase2 

Opaques 3 

MATRI X 60% OF ROCK 

�; SECTION 

1 00 

SHAP E SI ZE ( MM ) COMMENTS : 

<0 . 001 H i gh gl ass content ;  
col or vari es from 
med i um to very pal e 
brown . 

MINERAL CLASTS 24% OF ROCK 

RELAT I VE AB UNDANCE SHAPE S I ZE { MM) 
Very abundant Angul ar to i rregu l ar 0 . 001 -0. 5 

Few B l ocky to i r regu l ar 0 . 001 -0. 2 
Moderate Subhedral to skel etal 0 . 00 1 -0 . 2  

1 63 
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1 )  Mos t are very smal l and a l l show poor exti ncti ons . 
2 )  Smal l b l ocky crystal s w ith fai r  twi ns . 
3 )  Some subhedral , some bl ocky , a few s kel etal ; most i n  ma trix ,  s ome 

i n  cl asts . 

L ITH I C  CLASTS 1 2% OF ROCK 

TY PE  

Sma l l 

Large4 

4) a .  

RELATIVE ABUNDANCE SHAPE S I ZE (MM ) 
Very abundant Rounded to i rregu l ar  0 . 001 -1 . 0  
Two present Rou nded to i rregul ar > 1 . 0  

Coarse-gra i ned basal t composed of pyroxene , pl agi ocl ase and 
i 1 meni te . 

b .  Coarse-gra i ned basal t composed o f  pyroxene , pl ag i oc l ase  and 
i l men i te . 

GLASS CLAST 4% OF ROCK 

TYP E  RELAT I VE ABUNDANCE SHAPE S I ZE ( MM )  
Ye l l ow-Orange5 Very abundant Spheri cal to angu l ar 0 . 001 -0 . 6  
Col orl ess6 Few Angu l ar 

5)  Al most a l l as  spheres or part spheres , a few shards . 
6 )  Almost no devi tri fi cati o n ;  some fracturi ng . 

H I STORY AND PRESENT STATUS OF SAMPLES - 6/25/76 

0. 001 -0 . l 

1 0027 was removed from the Conti ngency S amp l e b ag and spl i t  i n  P CT L .  
I t  was re-exami ned i n  RSPL a s  there are n o  pri st i ne s ampl es remai n i ng .  

P RI STI NE SAMPLES : 

None 

RETURNED SAMPLES : 

0 7 . 58 gm P i ece . P i tted on three faces . 

NO CHEMI CAL ANALYSES OR AGE DATES 



1 0028.0 
Ori gi n a l  PET Photo 

( S-69 -46040 ) 

1 0028, 0  
( S -76-2 1 1 48)  

1 65 



1 66 

1 0028 

Samp l e  1 0028 i s  a subangu l ar to su brounded , medi um l i ght grey mi cro
brecci a .  Thi s sampl e ori g i na l l y  wei ghed 3gm and measured 2 . 5x2xl cm . 
Sampl e was retu rned i n  the Conti ngency Samp l e  Conta iner . 

B I NOCULAR DES CRI PTI ON 

ROCK TY PE : M i c robreccia  

BY : Twe del l 

SAMPLE : 1 0028 , 0  

DATE : 1 /1 5/76 

WEIGHT:  3 . 43 gm 

CO LOR: Medi um l i gh t  g rey DI MENS I ONS : 2 . 3 x 1 . 8 x 1 . 0 em 

SHAP E :  Subangu l ar to su brounded 

COH ERENCE : I ntergranu l ar - moderately coherent 
Fractu ri ng - one penetrat ive  fracture on T1 face 

FABRI C/TE XTURE : Ani so tropi c/Mi c robrecci a 

VARI AB I L I TY :  H omogeneous 

SURFACE : Smooth on al l su rfaces . 

ZAP P ITS : Many on T 1 • Few on  N 1 ,  S 1 ,  W 1 ,  E 1 •  None on B 1 •  Average 
s i ze i s  l mm or l es s . P i ts are g l ass  l i ned . 

CAVI T I ES :  Absent 

COMPONENT COLOR 
% OF 
ROCK 

Matrix Med . Lt . Grey 98 

SHAPE 
S I ZE ( MM) 

DOM. RANGE 

Grey & Whi te Grey/Whi te 1 Angul ar 3x2 One Cl as t 

Whi te Whi te < 1  Angul ar to . 25 <1 . 5  
su bangul ar 

SPECIAL FEATURES : Thi s s amp l e has an unusual ly  h i gh number of l arge 
p i ts on the T1 face . The average i s  about l mm .  
Thi s i s  l a rge i n  s i ze fo r thi s  smal l a sampl e .  
Some areas of brown gl assy spatter on T 1  face . 
None on others . Onl y  a few smal l cl as ts exi s t .  
P owdery wh i te i n  texture . 

NOTE : Thi s sampl e  has no basa l t or sal t and pepper cl asts , maki ng 
i t  di fferent from mos t Apol l o  l l  b recci as .  
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TH IN  SECT I ON DESCRI PTION 

There was no thi n s ection for the generi c 1 0028 at the onset of re
exami nat i o n .  Due t o  the sma l l amount o f  samp le  i n  the generi c ( 3 . 40gm) 
i t  was j udged unw ise  to remove a ch i p  for th in  sect i ons . 

H I STORY AND P RESENT STATUS OF SAMPLES - 6/28/76 

1 0028 was removed from the Cont ingency Sampl e bag and spl i t  i n  PCTL . 
I t  was re-exami ned i n  SSPL.  

PR I ST INE SAMPL ES :  

0 3 . 40 gm P i ece . Pi tted on fi ve surface s .  

NO  RETURNED SAMPLES 

E l ement 

H g  

Number o f  
J\na lyses 

CHEM I CAL ANALYSES 

Mean Un its 

. 1 7  PPB 

Ana l ysts : Reed et a l . ,  ( 1 97 1 ) .  

No  Age References 

Range 

0 
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1 0029 , 0  

Ori gi nal PET Photo 
Ls..:-69-45748) 

1 0029 , 1 3  
( S-75-33060) 
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1 0029 

Sampl e 1 0029 i s  a sub-angu l ar, medi um grey , medi um-grai ned basal t .  
Thi s  s amp l e  ori gi nal ly wei ghed 5gm and measu red 1 . 5x l . 5xl cm .  Sampl e 
was ori 9 i nal ly retu rned i n  the Conti ngency Sampl e Conta i ner .  

B I NOCULAR DES CRI PT I ON BY : Geesl in/Kramer/Wal ton 

RO CK TYP E :  Med . Grai ned B as a l t  SAMP LE : 1 0029 , 1 3 

COLOR : Med i um grey D IMENS I ONS : l . Ox0 . 5x0 . 5  em 

DATE : 6/ l 0/ 76 

WE I GHT : 3 . 37 5gm 

SHAPE : Labora tory shaped · i nto hemi -el l i pso id  ( one s awed face) . 

COHERENCE :  I n tergran ul ar  - coherent 
Fracturi ng  - None 

FABRI C/TE XTURE : I sotropi c/Equigranu l ar 

VARIAB I LI TY :  H omogeneous 

SURFACE : Al l su rfaces fai rly  smooth . 

ZAP P I TS :  Few on N face 

CAVITI ES : Vugs on  W 1  and T 1  face . Total surface area covered by 

COMPONENT 

P l agiocl ase 

I l men ite 

Pyroxene 

Pyroxene 

Ol i v i ne 

Orange 

vugs i s  0 . 5% .  Vugs average l mm radi us and contai n euhedral 
wh i te and brown crys ta l s . 

% OF S I ZE ( MM )  
COLOR ROCK SHAPE DOM . RANGE 

Whi te to 30 Sugary to tabul a r  . 33 . 05- . 8  
grey 

Su b-meta l l i c 1 5  Subhedral b l ocky . 8  . 1 - .  2 

Orange- 4 Granu l ated . 5 . 1 - l 
Yel l ow 

B rown 49 Subhedral b l ocky . 3  . 05- . 5  

Lt.  Green < l  Rounded . 5  . 5  

Rust  2 Non-crystal l i ne . 5- l  

SPECIAL FEATURES : 

Orange b l otches that l ook l i ke rust .  Probably oxi dation degradati on 
of the sampl e .  
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SECTI ON : 1 0029 , 1 7  

TH I N  SECTION DESCRI PTI ON 

W idth of F ie l d 2 . 1 9mm p l ane l i ght 

BY : Wal ton DATE :  6/ 1 0/76  

SUMMARY : Fi ne-grai ned subophi ti c  basal t composed of cl i nopyroxene , 
two generati ons of pl agi ocl ase ,  i l men i te wi th subord i n ate 
mesostas i s .  Large anhedral crystal s of cl i nopyroxene 

PHASE 

Pyrox 

P l a g  

Opaq 

Meso 

host the sma l ler  somewhat grouped pl ag i ocl ase crys tal s and  
scattered subhedral to  skel etal i lmeni te crystal s .  Many 
cracks ex i s t  i n  the section whi ch  a re fi l l ed wi th partly 
devi tri fi ed gl ass . 

% OF SECTION SHAPE S I ZE (MM) 
53 Anhedral , i rregu l a r  0 . 3-1 . 8  

32 Euhedral to anhedral 0 . 01 -0 . 9  

1 4  Subhedral to s ke l etal  0 . 01 -0 . 8  

1 I rregu l ar 0 . 001 -0 .  1 
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COMMENTS : 

Pyroxene - The cl i nopyroxene fonns l arge anhedral i nterl ock ing  
crysta 1 s wh i ch host the other phases present . Many of  �he 
c�{stal s show zon i ng and s ome exsol u t i on . A few crys ta l s  con 
ta i n  smal l cores of ol i v i ne .  Approximately one-th i rd of the 
crys tal s i n  the secti on  show on ly  a weak cl eavage or  fracture 
pattern . A few of the crys tal s are twi nned .  Al most a l l of  the 
crys tal s  show uneven exti ncti ons . 

P l agi ocl ase - Two generati ons of pl ag i ocl ase occur i n  the ro ck . 
The first  type cons i s ts of smal l eu hedra l tabl ets wh i ch appear 
i n  the secti ons as wel l  defi ned rectangu l ar crystal  sections . 
These tab l ets a re somewhat g rouped and fonn di s ti nct uni ts wi thi n 
th12 pyroxene array . The twi n n i ng i s  we 1 1  pronounced and the 
i nterfaces sharp .  The s econd type cons i s ts of 1 arger anhedral 
masses that fonn i nters ti t i a  1 v o i d  f i l l i ngs i n  the pyroxene 
a rray . These crysta l s  show poor twi nn i ng and exti ncti ons are 
un ,=ven . Thi s type of pl agi ocl ase  i s  most often associ ated wi th 
the mesostas i s  present i n  the rock . The mes ostas i s  i s  1 i ght 
brown i n  co 1 or . Seve ra 1 cracks i n  the rock a re a 1 so fi 1 1  ed wi th 
the gl ass -ri ch mesos tas i s .  

Opaqu,=s - Tile i l men i te present i n  the rock fo nns sma 1 1  subhed ra l 
crystal s whi ch are s omewh at skel etal gradi ng to l arger poi k i l i ti c  
s k,=l etal crysta l s .  Many of the crysta l s  conta i n  s i l i cate i ncl u 
s i ons , mos tly pyroxene . The i l men i te ,  euhedral  tabl ets of 
p l agi ocl ase and the cl i nopyroxene form the bas i c  stru cture array 
of the rock .  Smal l  mass es of troi l i te and tro i l i te wi th i ron
n i ckel are a l so present in the secti o n .  These masses form i n
tersti ti a l  masses between s i l i cate grai n s .  Some of the troi l i te 
i s  associ ated wi th the i lmen i te ,  but  most i s  i so l ated i n  the 
pyroxene ri ch ground mass . 

TE XTURE : F i ne-gra i ned su bophi t i c basal t cons i st i ng o f  pyroxene , two 
generati ons of p l agi ocl ase , i l meni te and m i nor mesosta s i s .  The 
pyrox ene-euhedra l p l agi ocl ase- i l meni te form the host array wi th 
the anhedral p l ag i ocl ase and mesostas i s  fi l l ing  the vo i d  areas i n  
the array . Al l phases a re i n  s ha rp contact wi th a l l o ther phases . 

H I STORY AND P RESENT STATUS OF  S AMPLES - 1 0/ 25/7 6  

1 0029 was removed from the Conti ngency S ampl e Conta i ner and proces sed 
i n  PCTL . The l argest chi p was l ater spl i t  and re-exami ned i n  RSPL .  

PRISTINE SAMPLES - None 

RETURNED  SAMPLES : 
1 3  2 . 87gm Ch i p  wi th a few p i ts on one su rface . P CTL -SSPL 

NO CHEMI CAL ANALYS ES OR AGE DATES PUBLISHED 
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1 0030 , 0  
( S-69-46057 }  

Ori g i nal  PET  Photo 

10030 , 5  
( S -76-2 1 1 42 ) 

a A 
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1 0030 

Sampl e  1 0030 i s  a s ubangu lar  to s ubrounded , med ium dark grey microbrecci a .  
Th i s  s ampl e ori g i na l ly wei ghed 2gm and measured 1 . 5x l . Ox0 .8 em . Sampl e  
was returned i n  the Conti ngency Samp le  Conta i ner. 

B INOCULAR DESCRIPTION 

ROCK TYPE : Microbrecci a 

BY : Twedel l  

SAMPLE : 1 0030 ,5  

DATE : 1 / 1 5/76 

WE IGHT : 1 . 76 gm 

COLOR : Med i um dark grey DIMENS IONS : 1 x 1 x 0 . 8  em 

SHAPE : Subangu l ar to s ubrounded 

COHERENCE : Intergranu lar  - coherent 
Fracturi ng  - absent 

FABRIC/TEXTURE :  Ani sotropi c/Mi crobrecci a 

VARIAB IL ITY : Homogeneous 

SURFACE :  Smooth on T 1-S 1 ,  i rregul ar on al l others . 

ZAP PITS : Fe�1 on T 1 • None on any others . P i ts are g lass  l i ned , 
< l mm i n  d i ameter .  

CAVITI ES :  Absent 

% OF S IZE  ( MM)  
COMPONENT COLOR ROCK SHAPE DOM . RANGE 

Matri x Med . Dk . Grey 99 - -- - - -- -- -

Grey & Whi te Grey/Whi te <l  Subangular to s ub- 0 . 5  < 1 . 0  
Cl as t 1  rounded 

Basa l t  C l ast Bl ack/Whi te Angular 0 . 7  < 1 . 2  
and Brown 

Sal t & Pepper Bl ack/Whi te <l Angul ar 0 . 5  <1 . 0 
C last  

1 )  Texture i s  aphan i t i c .  Even d i s tribution of dark and l i ght mi neral s .  

TH IN S ECTION DESCRIPTION 

There were no th i n  sections for the generi c 1 0030 at the onset of re
exami nation . Due to the smal l s i ze of the total generi c  ( 1 . 76g ) , i t  
was judged unwi se to remove a chi p for thi n secti ons . 
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H ISTORY AN D PRESENT STATUS OF SAMP LES - 6/ 28/76 

1 0030 was removed from the Contingency Sampl e Contai ner and processed 
i n  PCTL . The only remai n i ng pristine samp l e  was re-exami n ed i n  SSP L .  

P RI ST I NE SAMP LES : 

5 1 . 76 gm Chi p .  One l i ghtly pi tted surface . P CTL-SSPL 

NO RETURNE D  SAMPLES 

NO CHEMI CAL ANALYSES 

NO AGE DATES 
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1 0031  

Sampl e 1 0031 is  an angu l ar to subangu l ar,  medium dark g rey , medi um
grai ned basal t .  Thi s sampl e ori g i nal ly  we i ghed 3gm and mea s ured 
2 x 1 . 5 x 0 . 5  em . S ampl e was returned i n  the Conti ngency Sampl e contai ner . 

B I NOCULAR DESCRI PTI ON BY : Twedel l DATE : l /1 6/76 

WE IGHT : 1 . 70 gm ROCK TY PE : Ves i c u l ar basa l t SAMP LE : 1 0031 , 0  

COLOR : Medi um dark grey DI MENS I ONS : 1 . 9 x l . 2 x l cm 

SHAPE : Angu l a r  to subangu l ar 

COHERENCE : I ntergranu l ar - tough 
Fracturi ng - absent 

FABRI C/TEXTURE : I sotropi cjEqu i g ran u l ar 

VARI AB I L ITY : Homogeneous 

SURFACE : Al l s urfaces are rough . 

ZAP P I TS : Absent 

CAVITI ES :  5% of  su rface as  ves i cl es and vugs . Average s i ze i s  < lmm .  

COMPONENT 

Pyroxene 

Pl agi ocl ase 

Opaque 

COMMENTS : 

Largest ves i cl e  i s  2mm. 

COLOR 

Dk . B rown 

Whi te 

% O F  
ROCK 

60 

20 

SHAPE 

Su bhedral 

B l ocky 

S I ZE ( MM) 
DOM . RANGE 

. 1  < .  5 

• 1 < .  5 

B l ack 1 5  P l aty . 05 < . 2  

Fou r phases were noted by Harmon ( PET ) .  1 )  Li ght green 
equ i granu l a r  mi neral , evenl y  d i s tri buted throughout the 
fi nes . 2 )  A h i gh l y  refl ecti ve phas e  that appeared to be 
gl ass . 3 )  The g roundmass mate r i a l  whi ch appeared to be 
dust s i mi l ar to the conti ngency sampl e ;  and , 4 )  Amber 
mi neral phase , genera l ly  equi g ranu l ar.  These phases were 
taken from the fi nes wi th 1 0031 , 0  and not the rock i tsel f.  

THIN SECTI ON DES CRI PTI ON 

There was no Thi n Secti on  made fo r generi c 1 0031 at the onset of re
exami nati on .  The on ly  sampl e of the generi c ( 1 . 70gm) was judged too 
smal l for a th i n  sect ion  a l l o cati o n . 
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H I STORY AN D PRESENT STATUS OF SAMPLES - 6/30/76 

1 0031 was removed from the Conti ngency Sampl e Conta i ne r  and exami ned 
in P CTL . No sp l i ts were ever made from the rock . I t  was re-exam ined 
i n  SSPL . 

PRIST INE  SAMPLE : 

0 1 .  70 gm P i ece wi th no p i tted su rfaces . 

NO RETURN E D  SAMPLES 

NO CH EMI CAL ANALYSES OR AGE DATES 
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i 

1 0032 , 0  

Ori g i na l  PET Photo 
( S-69-46006 )  

1 0032 , 20 
( S-75-31 697 ) 



Sampl e 1 0032 i s  
grai ned basa l t . 
2x l . 5x0 . 5  em . 
tai ne r .  

1 0032 

an angu l ar to s ubangu l ar ,  medi um l i ght  grey , fi ne
Thi s  sampl e ori gi nal l y  wei ghed 3gm and measured 
Sampl e was retu rned in the Conti ngency Sampl e con-

1 79 

B I NOCULAR DESCRI PTI ON BY : Twedel l & Gees l i n  DATE : 9/23/75 

ROCK TYPE : Fine-grai ned basal t SAMP LE : 1 00 3 2 , 2 0  W E I GHT : 3 . 1 gm 

COLOR : Medium l i ght grey DI MENS I ONS : 2 x 1 . 5 x 0 . 5  em 

SHAPE : Angu l ar to su b-angu l ar 

COHERENCE : I ntergranu lar  - coherent 
Fractu ring - absent 

FABRI C/TE XTURE : I sotropi c/Equi g ran u l ar 

VARI AB I L ITY : Homogeneous 

SURFACE : I rregu l ar du e to cavi ties . 

ZAP P I TS : Absent 

CAVITI ES : Approximately  7% su rface coverage .  Av erage s i ze i s  < l mm .  
Cavi ties are wel l  defi ned.  

% OF S I Z E ( MM )  
COMPONENT COLOR ROCK SHAPE DOM . RANGE 

P l agi ocl ase1 Wh ite 45  Crysta l l i ne to  .3  . 05- . 5  
aphen i t i c  

Pyroxene2 Hon . B rown 20- Crysta l l i ne . 1 < . l - . 3  
to dark 25  

Green 3 Dk . Green 8- Rounded . l < . l - . 2  
1 0  

Dark4 B l ack 20- P l aty < .  1 . 1 - .  1 
25  

1 )  Comes i n  th ree forms . A crysta l l i n e  mater i al , a s h ocked materi al , 
and a fi ne wh i te materia l . 

2 )  Wel l  defi ned pyroxene crysta l s .  
3 )  Extremely dark green materi al , probably ei ther ol i v i ne o r  dark 

pyroxene . 
4 )  Some appears to be devi tri fi ed b l ack g l as s .  S ome i s  s emi -opaque 

materi al wh i ch i s  associ ated with the white crushed materi al . 
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Opaque is  p l aty i l meni te . Approx imately  50% opaque and 50% l us
trous materi al . 

SPECIAL FEATURES : 

The dark brown component appears i n  only one l arge area on  the surface . 
I t  has a we l l  defi ned crys tal stru cture . 

SECTI ON : 1 0032 , 26 

TH I N  SECTION DES CRI PTI ON 

W i dth o f  f i el d 2 . 72  mm pl ane l i ght  

BY : Wal ton DATE : 6/ 9/76  

SUMMARY : Fi ne-grai ned interserta l basal t composed of cl i nopyroxene, 
pl agi oc lase ,  and i l meni te wi th su bordi nate mesosta s i s .  Most  
of  the crys ta l s  are poorly fo rmed except fo r the  i l meni te 
wh i ch forms we l l  defi ned s u bhedral  crys tal s .  Some s kel etal 
devel opment i s  a l so evi dent i n  the i l men i te ,  b u t  to a l esser 
degree than i n  other Apol l o  l l  i n ters erta l basal ts . Al l of 
the p l agi ocl ase occurs as i nterst it i a l  vo i d  fi l l i ngs wi th no 
free s tand i ng crys ta l s .  
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PHASE % OF SECTION SHAPE S I ZE ( MM) 
Pyrox 53 Anhedral , i rregu l ar 0 . 05 -0 . 2 

P l ag 2 1  Anhed ra l  0 . 01 -0 . 3  

Opaq 1 6  Subhedra 1 to anhedra 1 0 . 005-0 . 3  

Meso 1 0  -- ----- ----- ----
COMMENTS : 

Pyroxene - the c l i nopyroxene fo rms s omewhat l arger anhedral crystal s 
whi ch host the other phases . The col or i s  pal e b rown wi th some 
crys tal s havi ng  a yel l ow i sh  cas t .  Many of  the crystals  are 
zoned and opti cal characteri s ti cs  a re poor.  Al l crysta l s  are 
fresh and contacts are sharp . 

Pl agi ocl ase - Unl i ke many i ntersertal basal ts , thi s  rock contai ns 
only i ntersti ti a l  pl agi ocl ase c rys tal s .  None of th e more tabu
l ar crystal s appear to have forme d .  The masses of pl ag i oc l ase 
a re al l anhedral and i rregu l ar .  They fi l l  the voi d spaces i n  
the pyroxene- i l meni te netwo rk . Very few twi n  pl anes are evi dent 
and exti n ct i ons are i rregu l ar .  S ome sma l l er,  more wel l  defi ned 
crys tal s a re present i n  the roc k ,  bu t these are far more un
common than the l arger poorly formed crystal s .  A l so  associ ated 
i n  the i nters ti ti a l  pos i ti on a re rather l arge masses of a 
bro�m i s h  g l ass-ri ch mesostas i s .  The masses a re very tu rb i d  and 
the boundari es are i ndi sti nct . The masses are associ ated more 
often i n  the pyroxene crysta l s  than w i th the pl agi ocl ase crys 
ta 1 s .  

Opaques - Unl i ke many i nterserta l b as a l ts , th i s  rock ha s far l ess 
skel etal i l meni te than usual . Most of the crystal s are subhe
dral wi th s ome nearl y  euhedra l l athes . The crystal s are nearly 
equant to s l i ghtly el ongated . On ly occas ional  mas ses of skel e
tal growth is encountered . Mu ch  of the i l men i te i s  s omewhat 
g rouped and occurs as d i sti nct pa tches wi th i n  the rock . Scat
tered throu ghout the secti on a re sma l l  mas ses of troi l i te and 
tro i l i te wi th i ron-n i ckel . The masses are sma l l  and spars e .  

TEXTURE : Fi ne g ra i ned i ntersertal basa l t  cons i sti ng of  a network of 
nea rl y equ i gran u l ar pyroxene crystal s  that are i ntergrown wi th sub
hedral i l men i te pri sms . Occurri ng  i nters t i ti a l  to the pyroxene
i l men i te network are anhedral masses of pl agi ocl ase , a few nearly 
enhedral i l men i te pri sms and i rregu l ar patches of mesos tas i s .  Most  
of  the cry s ta l s  show poor opti cal characteri st i cs . 
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H I STORY AND P RES ENT STATUS O F  SAMPLES - 1 1 / 1 /76  

1 0032 was removed from the Conti ngency Samp l e  contai ner and sp l i t  i n  PCTL .  
I t  was  l ater re-exami ned and sp l i t  i n  RSPL . 

PRI STI NE SAMPLES : 

None 

RETURNED SAMPLES : 

20  3 . 1  gm Chi p .  S tored i n  a cu rator s afe i n  a p l astic  pi l l  
box before goi ng to RSP L .  

2 1  . 00 1  gm Fi nes from , 20 .  Stored i n  returned samp l e  l ab .  
Has never been sent to any P . I .  

NO CHEMI CAL ANALYSES OR AGE DATES 



1 8 3  

1 0037 

1 0037 was the generi c number assi gned to the hal f of the d ri ve  tube 
materi al ( 1 0004 and 1 0005 )  obtai ned for b i ol ogi cal  anal yses . There are 
no  pri st �i ne s ampl es rema i n i n g  and l ess than l gm was ever retu rnea 
from the B i o -Poo l . 
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1 0 0 4- 4-

1 0044,0 
Ori gi na l  PET Photo 

(S-69-45539 ) 

1 0044, 54 
(S-75-3 1692 )  

em 
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1 0044 

Sampl e 1 0044 i s  an angu l a r  to sub-angul ar ,  grey and wh i te , cri stoba l i te 
basal t . Th i s  s ampl e origi nal ly  wei ghed 247gm . and measu red 7x4x3cm .  
I t  was returned i n  ALSRC #1 003 ( Bu l k  S amp l e  contai ner ) . 

B I NOCULAR DESCRI PTI ON 

ROCK TYPE : Cri stoba l i te Basal t 

COLOR :  Grey & Whi te 

BY : Twedel l 

SAMPLE : 1 0044 , 59 

DATE : 9/1 8/75  

WE I GHT :  25 gm . 

DIMENS I ONS : 4 x 3 . 5  x 1 . 5 em . 

SHAPE : Angul a r  to sub -angu l ar ;  rounded but rough on su rface texture ( PET ) . 
COHERENCE : I ntergranul ar - fri abl e  

Fracturi ng - absent ; some e l ongate open i ngs o r  fractures 
-- l ook l i ke semi -hea l ed fractures . Width 
of fractures vari ab l e ,  i n  some pl aces al 
most vuggy ( PET ) . 

FABR IC/TEXTURE : I s otropi c ;  stru ctures -many open ci rcl es , i rregu l ar,  
not strai ght , some are d i s conti nuous , defi n i te l i nes 
of weakness ( PET ) /Equi granu l ar ;  Granu l ar-Hal o
crysta l l i ne ( PET ) . 

VARIAB I LITY : Homogeneous 

SURFACE : I r-regu 1 a r 

ZAP PITS : None observed 

CAVITI ES : Approximately 5% surface coverage , <2mm i n  di amete r .  

% OF S I ZE ( MM ) 
COMPONENT COLOR ROCK SHAPE Dar� . RANGE 

Pyroxene P i n k  to Red 35 Anhedral 0 . 5 1 

P l  agi ocl ase Whi te 45 Anhedral to l aths 0 . 5  
Opaques B l ack 20 Rounded to subrounded 0 . 5  
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SECTION : 1 0044 , 55 

TH IN  SECTION DESCRI PTI ON 

W i dth of fi el d 2 .72mm p l ane l i ght 

BY : Wal ton DATE :  9/1 8/75 

SUMMARY : Medi um-grai ned suboph i ti c basa l t  composed of cl i nopyroxene ,  
pl agi ocl ase ,  i lmen i te wi th subordi n ate cri s tobal i te ,  pyrox
ferro i te and mesostasi s .  Large anhedral  crysta l s  of cl i no
pyroxene host the other phases present . Many of the pyro
xene crystal s exh i b i t  polygranu lar ity .  

Many of the pl agi ocl as e ,  i l men i te and cri s tobal i te crysta l s  
show paral l el faci al devel opment .  The i lmeni te occurs i n  
rather l arge skel etal crysta l s  associ ated wi th chromi an 
ul vospi nel , troi l i te and i ron-ni ckel metal . 

PHASE % OF SECTI ON SHAPE S I ZE ( MM ) 
Pyrox 

P l ag 
Cri s 
Opaq 
Meso 

47 

34 
3 

1 2  
4 

Subhedral to anhedra l 0 . 4-1 . 4  
Bl ocky to tabul ar 0 . 1 -0 .  9 
Subhedral to anhedral 0 . 2-1 . 2  
S ke l etal  to anhedral 0 . 08-0 . 9  
- -- - --- - -- --- -- - --- --------
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COMMENTS : 

Pyroxene - At 1 eas t two types of pyroxene occur i n  secti on . One i s  
pi nki sh  i n  col or wi th a poor c l eavage pattern whi l e  the other i s  
reddi sh  and h as a wel l devel oped cl eavage pattern . Al l crysta l s  
have wavy exti nctions and are more or l ess polygranul ar .  Occa
si onal sma l l masses of pyroxferroi te al so  occur wi th the pyro
xene� . Chao et a l . , ( 1 970 }  reported the new mi neral pyroxferri te 
from 1 0044 . 

P l agi ocl ase forms tabu l ar crystal s wh i ch show sharp twi n pl anes . 
The crysta l s  are somewhat  grouped i nto radi ati n g  groups . 

Cri s tobal i te occurs as i ntersti t i al vo i d  fi l l i ngs between the pl a
giocl ase and pyroxene crystal s .  

The maj or opaque phase i n  the secti on i s  i l men i te .  The crystal s are 
moderately  l a rge and on ly  occas iona l  smal l shards are encountered . 
The crystal s are very s kel etal . Troi l i te and troi l i te wi th i ron
ni ckel i ncl u s i ons form smal l masses in the sectio n .  Severa l  
crystal s of  chromi an u l vospi nel a l so occur in  the secti on . 

The mes.osta s i s con s i s ts of a brown i sh gl ass -ri ch phase wh i ch fi l l s  
i ntersti ti al voi ds i n  the s i l i cate network .  The g l ass i s  very 
turbi d .  

Ba i l ey et a l . ( 1 970 }  have reported modal  analyses for 1 0044 , 74;  
1 0044 , 41 ; and 1 0044 ,44 ,  l wh i ch is  in  agreement with the above 
ana lys i s .  They a l so reported fi ndi ng apati te and K-fel ds par 
wi th poss i b l e  ol i v i ne and ruti l e  i n  thei r sections , but none 
were observed i n  th i s  secti o n .  

Cameron ( 1 970} reported o n  a yttri um-zi rconi um s i l i cate i n  1 0044 , 50 . 

Fuchs ( 1 9 70 }  has reported apati te i n  1 0044 ,48 .  

TEXTURE : Nearly equ i gra n u l a r  suboph i ti c  wi th l arge scattered crystal s 
of i l men i te .  Li ttl e to no i nd i cati on of shock i s  present .  Al l 
crystal s are fres h and i n  sharp contact wi th each other.  

Sel ected References : Agrel l et a l . ,  ( 1 970 } , Al bee and Chodos ( 1 970 } , 
Bai l ey et a l . ,  ( 1 970 } , Cameron ( 1 97 0 } , Smi th ,  J . V .  et a l . , ( l 970} . 

H ISTORY AND PRESENT STATUS OF SAMPLES - 4/20/76 

1 0044 was removed from the Bu l k  S amp l e  Conta i ner (ALSRC #1 003 } and 
proces sed i n  the B i o -P rep Lab . A ch i p  was sent to PCTL for spl i tti ng 
and PET descri pti on and analys i s .  A portion was sent to the Bi o-Pool 
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for b io l ogi cal analyses . The rock was sawed i n  SPL.  The remai ni ng 
pri sti ne samp l es were re-exami ned i n  SSPL.  

P RI STINE SAMPLES : 

1 4  

1 5  

54 

59 

1 6 . 07 gm 
39 . 65 gm 

48 . 0  gm 

24 . 1 4 gm 

RETURN E D  SAMPLE S :  

36 1 1  . 1 21 gm 

Number of 
E l ement Analyses 

S i 02 6 

Al 203  6 

Ti 02 8 

FeO 9 

MnO 9 

MgO 5 

CaO 7 

Na20 9 

K20 8 

P2 0s 3 

Li 3 

Rb 5 

Cs 1 

Sr  3 

Fi nes . P�TL-SPL-SSPL 
Three l arge chips p l us smal l chi ps and fi nes . 
PCTL-SPL-SSPL 

Chi p  wi th one sawed surface . Was di sp l ay 
sampl e kept i n  a nearly hermeti c d i s p l ay con
ta i ner for 4 l /2 years . PCTL-SPL-Di spl ay-SSPL 

Representati ve ch i p  wi th no pi tted or sawn 
surfaces . PCTL-SPL-SSPL 

Ch i p .  

CHEMICAL ANALYSES 

Mean Uni ts Range 

43 . 1 9  PCT 5 . 1 3  

1 0 . 72 PCT 2 . 45 

9 . 1 0  PCT 4 . 09 

1 5 . 76 PCT 1 9 . 36 

. 266 PCT . 056 

6 . 1 1 PCT . 886 

1 1  . 49 PCT 5 . 59 

. 472  PCT . 079  

. 1 1 6  PCT . 066 

. 063 PCT . 04 

1 1 . 77 PPM 4 . 5  

1 .  75  PPM 4 . 49 

. 034 PPM 0 

1 86 . 7  PPM 94 . 
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Number of 
E l ement Analyses Mean Uni ts Range 

Ba 7 1 49 . l  PPM 1 63 .  
Sc 6 95 . 7  PPM 1 2 . 3  
v 3 45 . 5  PPM 34 .  
Cr20 3 8 . 2 1 3  PCT . 063 
C o  6 1 2 . 72 PPM 4 . 5 
N i  2 5 . 50 PPM 2 . 99 
Cu 3 5 . 73 PPM 5 . 0  
Zn l 3 . 0  PPM 0 
y 2 1 63 . 5 PPM 3 3 .  
Zr 4 501 . 5  PPM 41 4 .  
N b  l 21 . PPM 0 
Mo . 03 PPM 0 
Ag l . 2 PPM 0 
Ta 4 2. 1 2  PPM 1 . 2 
w l . 24 PPM 0 
Hf  5 1 3 . 86 PP�1 4 . 5  
Au l . 02 PPM 0 
Hg l . 001 PPM 0 
La 5 1 1 .4 1  PPM 4 . 65 

Ce 4 52 . 4  PPM 48 . 4  
Nd l 50 . 0  PPM 4 . 65 
Sn 4 1 6 . 07 PPM 7 . 3  

Eu 4 2 . 76 PPM . 36 
Gd 24 . 0  PPM 0 
Tb 3 4 . 9 1  PPM . 61 
Dy 2 26 . 05 PPM 3 .  1 

Ho 1 5 . 67 PPM 0 

Yb 6 1 3 . 58 PPM 6 . 5  
Lu  5 1 . 89 PPM . 85 

Th 2 . 99 PPM . 02 
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E l ement 

u 
B 

Ga 
Ln 
c 
Ge 
N 

As 
0 

s 
Se 
F 

Cl 
Br  
I 

N umber of 
Analyses 

2 

1 

2 

2 

1 

1 

1 0044 

Mean 

. 24 
1 . 2 

5 . 1  
. 003 

1 02 .  
1 . 0 

98 . 0  

. 05 
41 . 5  

. 1 2  

. 23 
1 4 2 . 5  

1 4 . 7  
. 1 9  
. 48 

Uni ts Range 

PPM . 08 
PPM 0 
PPM 0 
PPM 0 
PPM 0 
PPM 0 
PPM 0 
PPM 0 
PCT 0 
PCT . 1 2  

PPM 0 
PPM 1 1 9 .  
PPM 0 
PPM 0 
PPM 0 

Analysts : Agrel l et al . ,  ( 1 970 ) ; Engel & Enge l , ( 1 970 ) ; Gal es et al . ,  { 1 970) ; 
Waki ta et al . ,  ( 1 970 ) ; Wanke et al . ,  ( 1 970) ; Dymek et al . ,  ( 1 97 5 ) ; Tureki an 
& Kharkar, ( 1 970) ; Kharkar & Turek ian , ( 1 97 1 ) ;  Engel et al . ,  ( 1 97 1 ) ;  
Tera et al . ,  ( 1 970) ; Murthy et al . ,  ( 1 970 ) ; Reed & Jovanovi c ,  ( 1 970 ) ; 
Brown et al . ,  ( 1 970) ; Papanas tas s i ou et al . ,  ( 1 9 70 ) ; Moore et al . ,  ( 1 970) ; 
Meyer,  ( 1 972) . 

Age References : Turner ( 1 970 ) ; H i ntenberger et al . ,  ( 1 971 ) ;  Eberhardt et al . ,  
( 1 970) ; Papanastas s i ou et al . ,  ( 1 97 0 ) . 



1 0045 , 0  
Ori gi nal P ET Photo 

( S-69-45601 ) 

1 0045 , 1 9  
( S -75-31 797 ) 

191 

1 e m  • ._! _ __. 
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1 0045 

Samp l e  1 0045 i s  an angu l ar to sub-angu l ar ,  medi um dark grey , ol i v i ne basal t .  
Thi s sampl e ori g ina l ly  wei ghed 1 85gm and measured 4x3x2 .5cm . Sampl e was re
turned i n  ALSRC #1 003 . ( Bu l k S amp l e Conta i ner ) 
B INOCULAR DESCRI PTI ON 

ROCK TYPE : Ol i v i ne basa l t  

COLOR : Medi um dark grey 

SHAPE : Angu l ar to sub-angul ar  

BY : Twede l l 

SAMPLE : 1 0045 , 1 9  

DATE : 9/1 8/75 

WEI GHT : 1 00 . 4  gm 

DI MENS I ON S :  4 x 2 . 5  x 2 em 

COHERENCE : I ntergran u l ar - coherent 
Fractu ri ng  - few , non-penetrative, fai rly wide i n  p l aces , 

mostly i n  mi ddl e ; numerous i n  middl e of roc k ,  
vary i n  wi dth . Some open to wi de cavi t i es ( PET ) 

FAB RI C/TE XTURE : I sotropi c/ Equi granul ar 

VARI AB I L ITY :  Homogeneous 

SURFACE : Surfaces are i rregu l ar on fresh , to smooth on exposed surfaces . 

ZAP P I TS :  Many on T 1 o W 1 o B 1 o  edge . None on E 1 , S 1 ,  N 1 •  

CAV IT IES :  20%  of  su rface covered by vugs . Hal f of vugs are g l ass l i ned . 
Average s i ze i s  approximately 1 . 5 to 2mm; some ves i cul ar cav i ti es 
make up approx imate ly  1 0% total surface area ( PET) . 

COMPON ENT COLOR 

P l agi ocl ase1  Whi te 

Pyroxene Dark B rown 

Dark2 B l ack 

Ol i v i ne L i ght Green 

1 ) C l ear  to chal ky whi te 
2 ) 1 0- 1 2% opaque ; 1 0-8% gl ass  

% OF 
ROCK 

30-35 

35 
20-22 

8 

S I ZE (MM) 
SHAPE DOM. RANGE 

La thy . 1 < . 05- . 2  

Anhedral . 3  . 2- . 4  

Anhedral to amorphous . 1 . 05- . 3  

Euhedral . 2 . 1 - . 4 

SPECI AL FEATURES : H i gh % of vugs p l us fi ne gra i ned texture as opposed to 
1 0044 . Whi te powdery materi al  adhering to outer surface ,  
especi al ly on  W1 , T1  surfaces . Sampl e a l so seems to  have 
a h i gher percentage of dark mi nera l s  than 1 0044 . 



SECTION : 1 0045 , 1 7  

TH I N  S ECTION DES CRI PTI ON 

1 0045 1 93 

W i dth of fi el d 1 . 39mm pl ane l i ght  

BY : Wal ton DATE : 5/28/76 

SUMMARY : Med i um-grai ned oph i ti c  basal t composed of cl i nopyroxene , two 
generat ions of pl agi ocl ase , two generati ons of i l men ite wi th 
subordi nate chromian u l vospi nel , troi l i te-i ron ni ckel , ol i v i ne ,  
cr·i stoba l i te ,  and mesostasi s .  The pyroxene form; l arge anhedral 
to i rregu l ar crysta l s  wi th l ath -l i ke to anhedral i l meni te crys tal s 
i n  a conti nuous network . I nterstiti al to these phases are sub
hedra1 to anhedral crystal s of pl agi oc l ase and cri stobal i te wi th 
mi nor g l ass-ri ch mes ostas i s .  Some of the pl agi ocl ase crystal s 
are s l i ghtly bent and somewhat skel etal . 

PHASE % O F  SECTI ON SHAPE S I ZE ( MM) 
Pyrex 52 Anhedral to i rregul ar 0 . 05-0 . 4  

P l ag 22 Tabul ar to anhedral 0 . 1 -0 . 3  

Opaq 1 7  Lath -l i ke to anhedral 0 . 05-0 . 4  

Ol i v  3 Subhedral to anhedra l 0 . 05-0 . 4  

Chr . U l vo 2 I rregu l ar to rounded 0 . 02-0 . 08 

Cri s 2 Anhedral , b locky 0 . 01 -0 . 1  

Meso 2 I rregu l ar 0 . 01 -0 . 2  
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COMMENTS : 

Pyroxene - The pyroxene occurs as l arge pal e brown anhedral  crystal masses . 
I n  sharp contact wi th the pyroxene are subhedra l  to anhedral crysta l s  
o f  ol i vi ne .  A few crystal s exhi bi t a wel l defi ned cl eavage pattern , 
whi l e  most show only traces of cl eavage wi th predomi nant fracture 
patterns . Crystal s of pl agi ocl ase ,  i lmen i te and cri stobal i te occur 
wi thi n  and between the pyroxene crystal s .  

P l agi ocl ase - Large to smal l tabu l ar crystal s of pl agi ocl ase occur as 
groups and as i sol ated crysta l s  with i n  the pyroxene network .  Larger 
anhedral crystal s of pl agi ocl ase a l so  occur as masses wi thi n the net
work . Some bend i ng of the tabu l ar  crys tal s  i s  present.  Many of the 
l arger crystal s  are somewhat s kel etal i n  devel opment .  Al l crystal s 
showed wel l  devel oped twi n  pl anes , w i th the sharpest twi ns s een i n  the 
smal l er crysta l s . 

Ol i v i ne - Smal l to l arge bl ocky subhedral to anhedral crystal s of ol i v i ne 
are scattered throughout the s ecti on . The crystal s are fresh except 
for smal l reaction rims of pyroxene . A few crys ta l s  cl earl y s how re
s i dual crystal faces i n  s harp contact wi th the pyroxene .  

Opaques - The phases compri si ng the opaques are i l meni te ,  troi l i te ,  tro i l i te
i ron n ickel , and chromian u l vospi nel . 

Two generati ons of i l meni te are present i n  the secti on . The crysta l s  occur 
as smal l l ath-l i ke crystal secti ons and al so as l arge somewhat skel etal 
anhedral crystal s .  The l arger crystal s are far more abundant .  

Many of the l arge crystal s of  i lmenite have as soci ated arma l col i te and/or 
exsol ved chromite . Many of the armal col i te l amal l ae are transected 
by exsol uti on of chromi te whi ch produce mi crofau l ts i n  the l amal l ae .  
Associ ated wi th the i lmen i te are anhedral crystal s of chromi an ul vo
spi ne l . The crysta ls  are grouped i nto smal l areas of the secti on  where 
three or more masses are concentrated .  I n  a few cases l arge i sol ated 
masses are seen i n  the si l i cate network . Many of the crystal s have 
smal l borders of i l meni te and are compl etely encased by i lmeni te . 

I sol ated masses of troi l i te and tro i l i te wi th i ron-n i ckel occur i n  the 
s i l i cate network .  Several cracks i n  the s i l i cate mi neral s are fi l l ed 
by i ron-ni ckel metal . 

Cri stobal i te - I sol ated smal l masses of cri stobal ite are found between 
adjacent pyroxene crystal s .  The mas ses appear to be randoml y d i s 
tri buted throughout the s ecti on .  
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Smal l amounts of a l i ght brown to co l orl ess mesostas i s  occurs i n  the 
secti on . Some bi refri ngence i s  present, but no .phases were i denti fi ed 
i n  the masses . Some mi x i ng of the mesostas i s  wi th a s i l i ca phase may 
be present as the i ndex of refracti on vari es wi th i n  the mas ses . 

TEXTURE : Inter·l ock i ng anhedral crysta l s  of pyroxene i ntergrown wi th two 
generati ons of i l meni te , two generati ons of  pl agi ocl ase and s ubordi nate 
other phases . I ntersti ti al to th i s  network a re masses of pl agi ocl ase , 
cri stobal i te and mesostas is . 

Selected References : Agre l l et al . ,  ( 1 970 ) , Brown et al . ,  ( 1 970 ) , 
Kei l  et al . ,  ( 1 97 0 ) , S impson and Bowi e ( 1 970 ) . 

!HSTORY AND PRESENT STATUS OF SAMPLES - 5/28/76 

1 0045 was removE�d from the Bul k Sampl e Contai ner (ALS RC #1 003 ) and processed 
in the B i o-Prep Lab . A l 3gm ch i p  was sent to PCTL for anal ys i s .  Rema i n i ng 
pri sti ne sampl es were re-exami ned i n  SSP L .  A l arge pi ece was sent to RCL . 
PRIST! NE SAMPLES : 

l 2 . 02 gm Th i s  pi ece does not have the same l i thol oq i c  features 
as other 1 0045 subsampl es . I t  i s  bel i eved to be 
part of 1 0047 or 1 0044 , but nei ther coul d be substan
ti ated . I t  was as s i gned the number 1 0999 , 1 03 . BP-PCTL-

3 0 . 1 59 gm Smal l c h i ps and fi nes . BP-PCTL-SSPL SSPL 

1 8  5 . 91 gm Smal l ch i ps and fi nes . B P -SSPL 

1 9  1 00 .9 gm P i ece . P i tted on three surfaces . BP-SSPL-RCL-SSPL 
74 6 . 02 gm P i ece . I t  was l abel ed 1 0047 , 1  but was matched w i th 

1 0045 PET photos and ass i gned to 1 0045 . No pi tted 
surfaces . BP-PCTL-SSPL 

77 1 4  .. 68 gm P i ece . S pl i t  from , 1 8 .  One pi tted surface . 
BP-SSPL 

RETURNED SAMPLES : 

47 9 . 74 gm P i ece wi th no  pi tted surfaces . 



1 96 1 0045 

CHEM ICAL ANALYSES 

Number of 
El ement Analyses Mean Uni ts Range 

S i 02 4 40 . 99 PCT 4 . 28 

Al 203 4 l 0 .  53 PCT 3 . 49 

T i 02 3 l l .  39 PCT . 66 

FeD 6 1 6 . 02 PCT 3 . 67 

MnO 4 . 272 PCT . 020 

MgO 3 8 . 32 PCT 1 . 39 

GaO 3 l l .  32 PCT . 023 

Na20 3 . 356 PCT . 01 2  

K20 5 . 052 PCT . 01 4  

P20 s 2 . 07 PCT . 06 

Rb 5 1 . 03 PPM 1 . 28 

Sr 4 1 33 . 92 P PM 36 . 

Ba 6 1 1 7 . 23 PPM 355 . 

Sc 3 8 1 . 9  PPM 1 2 . 3  

v 2 1 00 . 5  P PM 5 .  

Cr203 5 . 388 PCT . 1 31 

Co 4 20 . 57 PPM 8 . 4  

Ni  2 6 . 99 PPM 5 . 97 

Cu 2 6 . 1 0  PPM . 200 

zn · 3 6 . 63 PPM 1 1 . 1  

y 2 79 . PPM 1 2 .  

Zr 3 254 . 33 PPM 1 56 .  

Nb 2 1 3 . 0  PPM 2 .  

Ag . 005 PPM 0 

Ta 2 1 . 9 PPM . 2  

Hf 3 7 . 73 PPM 2 . 5  

Au 1 . 2 PPB 0 

La 4 9 .  1 PPM 9 . 3  



El ement 

Ce 

Pr 

Nd 
Sm 

Eu 
Gd 

Tb 

Dy 

Ho 
Er 

Yb  
Lu  
Th 

u 
Ga 

I n  

Pb 

As 

Sb 

s 
Se 

Cl 
Br 

Number of 
Ana lyses 

3 
1 
2 

3 

3 

1 

2 

2 

1 

1 

4 
3 

3 

2 

l 

l 

1 

1 

2 

1 

1 

1 0045 

CHEMICAL ANALYSES 

Mean 

2 7 . 1 7  

6 .  
1 9 . 05 

9 . 1 9  

1 . 5  

1 3 . 2  

2 . 02 
1 4 . 95 

2 . 8  

9 . 7  

6 . 99 
l .  34 
l .  00 
. 1 7  

3 . 5 

. 01 4 

. 482 

. 073 

. 007 

. 1 45 

. 8  

6 . 8 
. 056 

Uni ts 

PPM 
PPM 
PPM 

PPM 

PPM 
PPM 

PPM 

PPM 

PPM 
PPM 

PPM 
PPM 
PPM 
PPM 

PPM 

PPM 

PPM 

PPM 

PPM 

PCT 

PPM 
PPM 
PPM 

Range 

9 . 5  

0 
4 . 1  

1 . 43 

. 09 

0 

. 2 3  

. 9  

0 

0 

8 . 85 
. 28 

1 . 45 

0 
1 . 0 

0 

0 

0 

0 

0 

0 

0 

. 01 

�1 97 

Ana lysts : Agrel l et a l . ,  ( 1 970 } ; Compston et al . ,  ( 1 970 } ; Wa ki ta et al . ,  
( 1 970 ) ; Gol es et a l . ,  ( 1 970 ) ;  Has k i n  et a l  . •  ( 1 970) ; Murthy et a l . ,  
( 1 970 ) ; Brown et a l . ,  ( 1 970 ) ;  S i l ver ,  ( 1 970 ) . 

Age References : E kerhardt ( 1 971 } ;  S i l ver ( 1 970} . 
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1 0046 , 0  
Ori g i nal PET Photo 

( S-69-45621 ) em 

1 0046 , 1 9 3 , 1 9 4  
( S -75-33425 )  
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1 0046 

Sampl e 1 0046 i s  a sub-angu l ar,  dark grey , fi ne brecci a .  Thi s  sampl e ori g i n 
a l ly wei ghed 663gm ,  and measured 1 0x7 . 5x8cm . Sampl e was returned i n  ALS RC 
#1 003 . ( Bul k Sampl e Contai ner) 

B I NOCULAR DESCRI PTION 

ROCK TYPE : F ine Brecci a  

BY : Kramer 

SAMPLE : 1 0046 , 1 93 

DATE : l l /8/75 

WE IGHT :  1 20 gm 

COLOR :  Dark grey 

SHAPE : Sub -angu lar 

DIMENS I ONS : 5 . 0  x 4 . 5  x 2 . 8  em 

COHERENCE : Intergranu l ar - moderately  fri ab l e  
Fracturi ng - absent 

FABRI C/TEXTURE : Ani sotropi c/ F i ne brecci a 

VARIAB I LITY :  Homogeneous 

SURFACE : Hack ly and i rregul ar 

ZAP PITS : E 1 ,  few . Others , none . 

CAVITIES : Few - l ess than 2% of surface . Some are l i ned w ith g l as s  and/or 
crys ta l s . 

COMPONENT COLOR 

Matri x Dk . Grey 
Wh ite Cl ast1 Whi te 

Brown Cl as t2 Honey Brn .  

Gl ass S pheru l es Bl ack 

B asal t Cl ast Lt . Grey 

% OF 
ROCK 

90 
3 

l 

< l  
5 

SHAPE 

- - -- - --- -
Angul ar 

Sub-rounded 

Sub-rounded 

Sub -angu l ar 

S I ZE ( MM)  
DOM .  RANGE 

1 . 0 0 . 05-1 . 5  

0 . 8  0 . 05-4 . 0  

0 .  5 <0 . 8  

2 . 0  . l -2 . 5  

l )  S i n g l e  gra ins  and aggrega tes of p l agi ocl ase (many crushed or shocked ) .  
2 )  Brown pyroxene . 

SPEC! AL FEATURES : 

There are sma l l  patches of bl ack , g l assy spatter on seve ra l subsampl es .  
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Secti on 1 0046 , 53 

THI N  SECTION DESCRI PTI ON 

SECTION : 1 0046 , 56 

1 0046 

W i dth of fi e l d: 1 . 39mm pl ane l i ght 

BY : Wal ton DATE : 6/29/76 

SUMMARY : Partly dev i trif ied typ i cal  brecci a  wi th a rel ati vely high gl ass 
content . Several  l arge l i th i c c lasts are present wh i ch show a 
l arge di vers i ty i n  compos i ti on and type . The matrix i s  not as 
conti nuous as i n  other Apol l o  1 1  brecci as .  The array is i n ter
rupted by the n umerous mi neral and l i thi c cl asts . 

PHASE 

Dark Brown 

% S ECTI ON 

1 00 

MATRI X 50% OF ROCK 

SHAPE S I ZE ( MM) 
<0. 001 

COMMENTS : 

H i gh gl ass content ; 
numerous smal l crys
tal l i tes ; somewhat d i s 
conti nuous . 



1 0046 201 

MINERAL CLASTS 30% OF ROCK 

PHASE RELAT I VE ABUNDANCE SHAPE S I ZE {MM ) 
Pyroxene 1 
Pl agi ocl ase2 
Opaques 3 

Very abundant 
Present 
Few 

Angu l ar  to i rregul ar  
B l ocky to i rregul ar 
B l ocky to skel etal 

1 )  Some exso l ution and zon i n g ;  fa i r  to poor exti ncti ons . 
2 )  Very scarce ; a few sh ards ; fa i r  to good twi n s .  
3 )  Most i n  cl asts ; some fragments i n  matrix .  

TYPE 

Sma 1 1  

Large 4 

LITH I C  CLASTS 1 0% OF  ROCK 

RELATI VE ABUNDANCE 

Very abundant 

N i ne present 

SHAPE 

Rounded to i rregu l ar 

Rounded to i rregul ar 

0 . 001 -0 . 2  
0 . 001 -0 . 1  
0 . 00 1 -0 . 2 

S I ZE ( MM ) 
0 . 001 - 1 . 0 

> 1 . 0  

4 )  a .  Fi ne-gra i ned basal t cons i s ting  of pyroxene , pl agi ocl ase and i l meni te .  

b . Coarse-gra i ned basal t cons i s ti ng of pyroxene , pl agi ocl ase and 
i 1 meni te . 

c .  Coarse -gra i ned basal t cons i st i ng  of pyroxene , pl ag i ocl ase and 
i l men i te .  

d .  Coarse-grai ned basa l t  cons i sti ng of pyroxene , pl agi ocl ase and 
i 1 men i te . 

e .  Fine -grai ned i ntersertal basa l t  cons i sti ng of pyroxene ,  pl ag i ocl ase , 
i l meni te and mesostas i s .  

f. Crysta l  aggregati on cons i st i ng of l arge s kel etal crystal s of 
i l menite wi th smal l pyroxene, pl agi ocl ase and i l meni te crysta l s ;  
some gl ass i n  matri x .  

g .  Coarse-gra i ned basa l t  wh i ch appears to b e  crushed as  the crystal s 
of pyroxene and pl ag i oc l a se  are polygranul ated . Some i l meni te i s  
present . 

h .  Fine-grai ned bas al t con s i st i ng o f  pyroxene ,  pl agi ocl ase and i l men i te .  

i .  Fi ne-grai ned wi th h i gh gl ass content wi th several mi n eral cl asts ; 
matrix yel l ow-brown . 
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GLASS CLASTS 1 0% OF ROCK 

TYPE RELATI VE ABUNDANCE SHAPE S I ZE (MM) 
Yel l ow-Orange5 Very abundant Spheri cal to angul ar 0 . 00 1 -0 . 3  

5 ) Many spheri ca l , ovoi d and part spheres p l us angul ar shards ; most show 
l i ttl e devi tri fi cati on ; some bubbl es present . 

Sel ected References : Adl er et al . ,  ( 1 970 ) , Dence et a l . ,  ( 1 970) ; 
Es sene et al . ,  ( 1 970 ) , Loveri ng and Ware ( 1 970 ) . 

H I STORY AND PRESENT STATUS OF SAMPLES - 6/29/76 

1 0046 was removed from the Bu l k  Fines Conta i ner (ALSRC #1 003 ) and spl i t  i n  
the B io  Prep Lab . A 6 . 5gm ch i p  was sent to PCTL for PET analys i s . The 
parent rock was sawed and chi pped i n  SP L .  Remai n i ng pri stine sampl es were 
re-exami ned i n  SSPL .  NOTE : There i s  a s tatement i n  the sampl e hi story data 
that th i s  samp l e  was ori g i na l ly  contami nated i n  the B i o-Prep Lab . 

PRI STI NE  SAMP LES : 

1 2  0 . 1 7  gm Fi nes . BP-SSPL  
1 4  0 . 1 49 gm Three sma l l chi ps . Largest i s  2 . 5 . xmm . BP-SSPL 
1 5  7 . 92 gm Chi ps and fi nes . There are four chi ps l arger than 

l mm .  BP-SSPL 
67 7 . 27 gm Ch i ps and fi nes . The l argest ch i p  i s  l xl x0 . 5cm . 

There i s  a sma l l  bas a l t  ch i p  i n  thi s sampl e .  At 
some time duri ng early process i ng ,  thi s  sampl e was 
cross -contami nated w i th a basal t .  BP-SSPL 

68 5 . 55 gm Chi ps and fi nes . BP-SSPL  

1 9 3 1 20 . 1 8  gm 

1 94 1 1 3 . 42 gm 

1 95 27 . 25 gm 

1 96 1 7 . 83 gm 

1 97 30 . 60 gm 

5 . 5x4 . 5x3 . 5cm pi ece . Mated wi th , 1 94 .  Two sawed 
faces (S 1 , B 1 ) . E 1  has a few pi ts .  Other surfaces 
are fresh . BP-SPL-SSPL-RCL-SSPL 
6 . 5x6x3cm piece . Mated wi th , 1 93 .  One sawed face (N 1 , E 1 ) . One pi tted face ( few on S-W1 ) . Other 
su rfaces are fresh .  BP -SPL-SSPL 
5x4xl cm sawed end pi ece . B1 i s  sawed . T1 has 
pati na  but no p i ts .  Large brown cl ast (4cm ) on 
T 1 • BP -SPL-SSPL 

4x2x l . 5cm sawed p i ece . T1 , B 1 , a�d E1  are sawed . 
Others are fresh .  BP-SPL-SSPL 

6 sawed chi ps . Shaped pi eces w ith two to five 
sawed faces . No pi tted surfaces . BP-SPL-SSPL 
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1 98 24 . 00 gm Fi ve l arge ch ips . Three have pi ts on one s i de .  
BP-SPL-SSPL 

1 99 1 7 . 02 gm < . 25 smal l ch i ps .  Not dusted . BP-SPL-SSPL 

200 39 . 70 gm Ch i ps and fi nes . BP-SPL-SSPL 

RETURN E D  SAf'IIPLES : 

9 1 2 . 869 gm Three chi ps . Larges t ch i p  has pi tted surface . 

46 1 !:,328 gm Fresh  chi p .  

1 52 1 3 . 282 gm Surface chi p .  E 1  i s  pi tted . 

CHEMICAL ANALYSES 

Number of 
El ement  Ana lyses Mean Un its 

S i 02 1 44 . 07 PCT 

Al 203 1 1 1  . 7 1  PCT 

Ti 02 2 8 .  1 7  PCT 

FeO 3 1 6 . 0  PCT 

MnO 2 . 209 PCT 

MgO 1 9 .  1 2  PCT 

CaO 2 1 3 . 01 PCT 

Na20 3 . 544 PCT 

K20 2 . 2  PCT 

P20s 1 . 229 PCT 

H 1 5 5 . 0  PPM 

Li 1 6 . 0  PPM 

Rb 3 . 6  PPM 

Cs . 2  PPM 

Be 6 . 0  PPM 

Sr 2 1 67 . 5  PPM 

Ba 2 249 . 5  PPM 

Sc 3 69 . 0  PPM 

Range 

0 

0 
. 668 

l .  54 
. 0 1 7  

0 

1 . 4 

. 1 88 

. 01 0 

0 
0 

0 
0 

0 

0 
5 . 0  

61 . 0  

8 . 0  

203 
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CHEMICAL ANALYSES 

Number of 
E l ement Analyses Mean Uni ts Range 

v 68 . 0  PPM 0 

Cr203 3 . 303 PCT . 026 

Co 3 33 . 0  PPM 1 5 . 0  

N i  l 70 . 01 PPM 0 
Cu  9 . 7  PPM 0 
Zn l 30 . 0  PPM 0 
y l 1 90 .  PPM 0 

Zr l 620 . 0  PPM 0 

N b  38 . 0  PPM 0 
Mo 2 . 365 PPM . 67 
Pd . l PPM 0 
Ag l . 02 PPM 0 
Cd l . 8 PPM 0 

Ta 3 l .  63 PPM . 4  

w . 35 PPM 0 
Hf 3 l l  . 8  PPM 2 . 4  

Re 2 . 400 PPB . 500 

Os 2 . 500 PPB . 520 
I r  l . 01 2 PPM 0 
Au l 2 . 8  PPB 0 
La l 23 . 0  PPM 0 
Ce 4 63 . 82 PPM 25 . 7  
Pr l 20 . 0  PPM 0 
Nd 2 55 . l  PPM 9 . 8  
Sm 3 1 5 . 8  PPM l 0 .  3 
Eu 3 l .  98 PPM . 06 
Gd l 20 . 75 PPM 1 . 5 
Tb 4 . 5 PPM 0 
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CHEM ICAL ANALYSES 

Number of 
El ement A.na ll:ses Mean Un i ts Range 

Dy 3 24 . 93 PPM 1 0 .  1 

Ho 1 9 . 0  PPM 0 

Er 2 1 8 . 9 PPM 8 . 2  

Tm 1 1 . 6  PPM 0 

Yb 3 1 2 . 98 PPM 1 1 . 3  

Lu 3 1 . 64 PPM . 73 

Th l 2 . 8  PPM 0 

u l . 58 PPM 0 

8 9 . 0  PPM 0 

Ga 2 5 . 1 5  PPM . 5 

I n  2 . 048 PPM . 064 

Ge . 39 PPM 0 

Pb 2 . 0  PPM 0 

N 260 . 0  PPM 0 

As 2 . 05 PPM 0 

Sb . 005 PPM 0 

Se . 4  PPM 0 

F 220.  PPM 0 

Cl l 520 . 0 PPM 0 

Br l . 2  PPM 0 

Ana l ysts : Morri son et a l . ,  ( 1 970) ; Turekian & Kharkar ,  ( 1 970) ; Kharkar & 
Turek i an ,  ( 1 97 1 ) ;  O ' Hara et a l . ,  ( 1 974) ; Phi l potts & Schnetzl er .  ( 1 97 0 ) ; 
Fri edman et 'a l . ,  ( 1 970) ; Lovering & Butterfi el d ,  ( 1 97 0 ) ; Loveri ng & Hughes , 
( 1 970 ) ;  Wasson & Baedecker, ( 1 97 0 ) . 

No Age References 
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1 0047 , 0  

Ori g i na l  PET Photo 
( S -69-45632 )  

1 cm . l ._......_...l 

1 0047 
( S -75-2651 1 )  1 cm . l�� 
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1 0047 

Samp l e  1 0047 ·i s  an angu l ar ,  p i nki sh grey , Cri stobal i te Basal t. Thi s  s ampl e 
ori gi nal ly we·i ghed l 38gm, and measu red 6 . 5x4x3 . 5cm . I t  was returned i n  
ALS RC contai ner # l 003 . ( Bu l k Samp l e  Contai ner) 

B INOCULAR DES CRI PTION 

ROCK TYPE : Cl"i s tobal i te Basal t 

BY : Kramer 

SAMPLE :  1 0047 , 58 

DATE : 6/ 1 4/76 

WEIGHT: 1 9 . 44 gm 

COLOR :  P i n k i s h  g rey 

SHAPE : Angul ar 

DIMENS IONS : 3 x 2 x 1 . 5  em 

COHERENCE : I ntergranu l a r  - coherent 
Fracturi ng  - few , non-penetrat ive 

FABRI C/TEXTURE : I sotropi c/Equi granu l ar 

VARIAB I L ITY : Homogeneous 

SURFACE : Granul ated 

ZAP PITS : T 1 ,, few . Others - none 

CAVITI ES :  Absent; i rregu l ar shaped vugs up to several ITVIl in  s i ze are corrrnon . 
Fresh ly broken surface shows no vugs ( PET) . 

% OF S I ZE ( MM) 
COMPONENT COLOR ROCK SHAPE DOM . RANGE 

Ol i v i ne Green <3 Equant  . 8  0 5-l . 0 

Pvroxene Brown >50 Equant . 2  0 1 - 0 25 

Pl agi ocl ase Mi l ky <40 Lathl i ke o 2  0 1 -
0 3 

I l meni te Meta l l i c  1 0-1 5 P l aty o 2  0 02 - . 6  
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SECT ION :  1 0047 ,47 

TH I N  S ECTI ON DESCRIPTION 

Wi dth of Fi el d 2 . 22mm pl ane l i g ht  

BY : Wal ton DATE :  6/ l l  /76 

SUMMARY : Med i um grai ned subophi ti c  basal t composed of cl i nopyroxene , two 
generati ons of p lagiocl ase , i lmen i te wi th s ubordi nate cri s tobal i te 
pyroxferro i te and mesostasi s .  Large anhedral crystal s of cl i no
pyroxene host the other phases present . Many of the cl i nopyroxene 
crystal s  are polygranu l ar wh i l e appeari ng as a s i ng l e crystal i n  
pl ane po l ari zed l i gh t .  

PHASE --
Pyrex 

P lag  

Cri s 
Opaq 

Meso 

Many of the pl agi ocl ase , i l meni te and cri stobal i te crys tal s  show 
paral l e l faci al devel opment . The i l menite crystal s  are hi ghly 
skel eta l . 

0/ OF SECTI ON SHAPE S IZE (MM) /0 --
48 Anhedra l to i rregu l ar 0 . 1 -2 . 5 

35 Euhedral to anhedral 0 . 05-0 . 0  

7 Anhedral 0 . 1 -0 . 9  

9 Subhedral to skel etal 0 . 9-2 . 5  

-------------- -- --- -- 0 . 001 -0 . 1 3  
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COMMENTS :  

Pyroxene - The cl i nopyroxene forms l arge p i n k i s h  tan anhedral crys ta l s .  
Many of the crystal s have been granul ated whi l e  reta i n i ng the mono
crystal l i ne appearance . These crys ta l s  form the host  med i um for a l l 
other phases present.  

The exti ncti ons are , for the most part, poor wi th few gra i ns g 1 v 1 ng 
sharp exti ncti on poi nts . Almost a l l  crystal s show a pronounced frac
tu re pattern wi th mi nor cl eavage parti ng devel oped . A few crystal s 
s how a wel l devel oped cl eavage pattern . 

Smal l crystal s of pyroxferroi te are associ ated as overgrowths on the 
pyroxene crystal s .  These crystal s form sharp contacts wi th the pyro
xene . Many of the fractures i n  the pyroxene cont i nue through the 
adj acent pyroxferroi te overgrowth . The pyroxferroi te masses are 
scattered throughout the section  and no l ocal i zed concentrati on was 
noted . 

P l agi ocl ase - Two generations of pl agi ocl ase occur i n  the rock . The 
fi rst type are euhedral tabl ets wh i ch appear i n  the sect i on as 
equant to aci cul ar crystal s .  The crystal s show wel l devel oped twi n 
pl anes and exti nctions are sharp . There appears to be a preferred 
ori entati on to the crystal s yet there i s  only mi nor cl us ter i ng .  

The second type of crystal s represented i n  the rock forms i n terst i 
ti a l  masses between the pyroxene-i l meni te-p l agi oc l ase network . The 
masses are larger than the euhedral crystal s  and show poorer twi n 
pl anes and exti ncti ons are patchy . Thi s l ater formed pl ag i oc l ase 
i s  mos t often associ ated wi th the mesostasi s  that occurs i n  the 
rock .  The mesostas i s  i s  l i ght brown i n  col or and very turb i d .  

Cri stobal i te - A rel ati vel y l arge amount o f  cri stobal i te occurs i n  thi s 
secti on . Chao et al . ( 1 970) found 4 . 5% i n  another secti on of th i s  
rock .  Thi s sect ion may , therefore , b e  atypi ca l .  The anhedral masses 
are al l as i ntersti ti al f i l l i ngs between other crystal l i ne phases . 

Opaques - As i s  usual for Apol l o  1 1  basal ts , the mos t  common opaque 
mi nera l present i n  the rock is i l men i te .  The crys tal s form subhedra l 
to s ke l eta 1 masses scattered throughout the rock . The su bhedra 1 crys 
tal s are associated wi th pl agiocl ase and cri stobal i te wh i l e  the skel e
tal crystal s form i n  the pl ag i oc l ase-pyroxene network . 

Smal l mas ses of troi l i te and tro i l i te wi th i ron-ni ckel i ncl us i ons are 
a 1 so  pl"esent . These form on ly a very sma 1 1  percentage of the opaque 
phases present .  Most of the masses occu r wi th or near the i l meni te 
crysta l s .  
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TEXTURE : Subophi ti c medi um-gra i n ed basal t cons i s ti ng of pyroxene ,  two gener
ati ons of pl agi ocl ase , i l meni te , and cri stobal i te w i th mi nor other phases . 
On ly moderate s hock effects are evi dent i n  the sec t i on .  Contacts are 
sharp and l i ttl e to no i nterreacti on between phases was noted .  

Sel ected References : Chao et a 1 .  ( 1 970 } . Dence et a 1 .  ( 1 970) . Essene et a l .  
( 1 970 ) ,  Loveri ng and Ware ( 1 970 ) , Ross et a l . ( 1 970 )  

HISTORY AND P RESENT STATUS OF SAMPLES - 1 0/29/76 

1 0047 was removed from the Bul k Sampl e Conta i ner (ALSRC #1 003) , s pl i t  and 
organi cal ly contami nated i n  the B i o-Prep Lab . A 6gm chi p was sent to PCTL 
for PET analys i s .  Duri ng re-exami nat i on i n  SSPL, thi s sampl e ( 1 0047 , 1 ) was 
found to be mi s -l abel ed . A mi xup occurred i n  PCTL on 8-1 5-69. 1 0044 , 1 ; 
1 0045 , 1 ; and 1 0047 , 1  were i n  the same cabi net . I t  has been shown that the 
sampl e l abel ed 1 0047 , 1  i s  actua l l y  1 0045 , 1 . 
PRI STI NE  SAMPLES : 

58 1 9 . 44 gm P i ece .  Two surfaces show pati na , but no p i ts . 

59 8 . 78 gm 

60 0 . 1 1  gm 
93 1 0 . 20 gm 

94 8 . 44 gm 

1 71 0 . 1 9  gm 

RETURNE D  SAMPLE S :  

27 1 0 . 97 gm 
54 l l  . 07 gm 

56 6 . 08 gm 

Number of 
El ement Analyses 

S i 02 4 
Al 203 6 
Ti 02 6 

FeD 4 

Al l other surfaces are fresh .  

Bandsaw fi nes . 

Fi nes . 
N i ne chi ps .  Fi ve are fresh , two have one sawed 
su rface each . Two have pat i nated surfaces . 
Ch i ps and fi nes . 
Oust .  

Ch i p .  One pati nated surface . 

Ch i ps and fi nes . Two chi ps h ave sawed surface. 
Many have pi tted surfaces . 
Chi p .  Al l surfaces are fresh . 

CHEMI CAL ANALYSES 

Mean Un i ts Range 

42 . 92 PCT 3 . 94 
1 0 . 05 PCT 1 . 32 

9 . 69 PCT 2 . 34 

1 9 . 59 PCT 1 . 84 
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Number of 
E l ement Analyses Mean  Uni ts Range 

MnO 4 . 291  PCT . 050 
MgO 4 5 . 84 PCT .43 
CaO 5 1 1  . 99 PCT 2 . 73 
Na20 5 .444 P CT . 051 
K20 4 . 096 P CT . 039 
PzOs l . l l  PCT 0 

Li 1 6 . 3 1 PPM 0 
Rb 4 1 . 1 29 PPM . 61 
Cs 2 . 052 PPM . 01 5  
Sr 3 1 98 . 9  PPM 1 5 . 7  

Ba 2 1 79 . 0  PPM 1 82 . 0 
Sc 2 98 . 5  PPM 1 3 . 0  
v 3 47 . 0  PPM 52 . 
Cr203 4 . 204 PCT . 055 
Co 5 1 4 . 32 PPM 5 .  
N i  1 20 . 04 PPM 0 
Cu 1 6 . 00 PPM 0 

Zn 2 7 . 4  PPM l l  . 2  
y l 1 34 . 0  PPM 0 

Zr 2 384 . 5  PPM l 01 . 

Nb 23 . 0  PPM 0 
Pd . 002 PPM 0 

Ag l 1 . 89 PPB 0 
Cd l 3 . 40 PPB 0 

Ta 2 . 6  PPM 0 

Hf 2 1 4 . 35 PPM 2 . 3  

Re . 020 PPB 0 

Os . 260 PPB 0 

Ir . 005 PPB 0 

Au . 029 PPB 0 
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Number of  
E l ement Analyses Mean Un i ts Range 

La 3 1 3 . 77 PPM 1 0 . 0  
Ce 2 47 . 0  PPM 2 .  
Pr 1 1 3 . 0  PPM 0 
Nd 36 . PPM 0 
Sm 2 1 8 . 53 PPM . 7 5 
Eu 2 2 . 63 PPM . 1 6  
Tb 1 4 .  1 PPM 0 
Ho 7 . 9  PPM 0 
Yb 2 1 8 .  1 PPM . 2  
Lu 2 2 . 59 PPM . 58 

Th 3 1 . 1 1  PPM 1 . 4 
u 2 . 1 92 PPM . 064 
Ga l 4 . 0  PPM 0 
I n  l 2 . 80 PPB 0 

Tl l . 28 PPB 0 

Pb . 769 PPM 0 

B i  l . 1 6  PPB 0 

0 40 . l 0 PCT 0 

s . 1 8  PCT 0 

Se l . 25 PPM 0 

Te . 0 1 3  PPM 0 

F 1 1 93 . 0  PPM 0 

Cl l 1 4 . 4 PPM 0 

Br 2 . 1 8  PPM . 301 
I . 01 6 PPM 0 

Analys ts : Compston et al . ,  ( 1 970 ) ; Ehmann & Morgan , ( 1 970) ; Rose et al . ,  
( 1 970 ) ; Waki ta et al . ,  ( 1 970 ) ; Ganapathy et al . ,  ( 1 970 ) ;  Gol es et al . ,  
( 1 970 ) ; Gopal on et al . ,  ( 1 970 ) ; Reed & Jovanovi c ,  ( 1 970 ) ; Hurl ey & Pi nson , 
( 1 970 ) ;  Anders et al . ,  ( 1 97 1 ) ;  Loveri ng & Bu tterfi el d ,  ( 1 970 ) ; S i l ver, 
( 1 970) ; Waki ta et al . ,  ( 1 970 ) . 
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Age References : Stettl er et al . ,  ( 1 974) ; Bosch l er,  ( 1 97 l b ) ; Marti e t  a l . ,  
( 1 970 ) ; Eberhardt , ( 1 97 l b ) ; S i l ver, ( 1 970) ; Cro zaz et al . ,  ( 1 970) . 
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1 0048,0 
Ori g ina 1 ' PET Photo 

( S-69-45672 )  em 

1 0048 ,0  
( S -76-256 1 5 )  
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1 0048 

Sampl e 1 0048 i s  a rounded to s ubrounded.  medi um l i ght grey. fi ne  brecci a .  
Thi s  sampl e ori g ina l l y  wei ghed 579gm and measured 1 3x8x7cm .  Sampl e was 
returned i n  ALSRC # 1 003 ( Bul k S ampl e Conta i ner) . 

BI NOCULAR DESCRIPT ION 

ROCK TYPE : Fi n'� Brecci a 

COLOR: Med ium l i ght  grey 

SHAPE : Rounded to subrounded 

BY : Twedel l 

SAMPLE : 1 0048 , 0  

D IMENS I ONS : 7 x 3 x 4 . 2  em 

COHERENCE : I ntergran u l ar - coherent 

DATE : 5/25/76 

WE IGHT : 1 72 gm 

Fractu ring - few. non -penetrative ;  one mai n  fracture v is i b l e ,  
para l l el to l ong axi s  ( P ET ) . 

FABRI C/TEXTURE : Ani sotrop i c/ Fi ne Brecc ia  

VARI AB I LITY :  Homogeneous 

SURFACE : Sawed surface on T 1  and B 1 • Smooth on E 1  and T1 • 

ZAP P ITS :  Many on T 1 •  few on E 1 • none on others . (G l ass l i ned up  to 2mm i n  
diameter) 

CAVITI ES :  Absent 

% OF S I ZE ( �1M) 
COMPONENT COLOR ROCK SHAPE DOM . RANGE 

Matri x Med . Lt . Grey 96 

Basal t Cl as t 1  Honey Brn .  2 I rregul ar 2 l -8 
and Whi te 

Sal t & Pepper B l k/Whi te Angu l ar . 5 . 2-2 
Cl as t2 

Whi te Cl as t3 Whi te < l  Angul ar . l < . 1 - . 3 
Brown Cl ast4 Brown < l  Angul ar . 2 < .  1 - . 4  

l )  P l ag iocl ase 50% , Pyroxene 35% , I l meni te 1 5% .  
2 )  Pl aty el ongated i l meni te 30% , semi -opaque and crushed p l ag i ocl ase 70% . 
3 )  Crushed pl a !�i ocl ase .  
4 )  Appears to be composed of pyroxene crystal s .  
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SECT! ON : 1 0048 , 33 

TH I N  SECT I ON DESCRI PTION 

Wi dth of fi el d 2 . 72mm pl ane l i ght 

BY : Wal ton DATE : 7 /1 5/76 

SUMMARY : Partly devi tri fied typi cal brecci a wi th a l ow cl ast content . 
Several basal t i c  cl as ts occur as l arge i nc l u s i ons i n  the matri x .  
Most o f  the matri x has undergone only s l i ght dev i tri fi cati o n .  

MATRI X 67% O F  ROCK 

PHASE SHAPE COMMENTS : 

Dark Brown 
% SECTI ON 

1 00 

S I ZE ( MM) 

<0 . 001 H i gh  gl ass content ; 
s l i ghtly dev i tr if ied . 

PHASE 

Pyroxene 1 

P l agi ocl ase2 

Opaques 3 

MINERAL CLASTS 

RELATIVE ABUNDANCE 

Very abundant 

Present 

Moderate 

1 9% OF ROCK 

SHAPE --
Angu l ar to i rregu l ar 

Bl ocky to irregu l ar 

Skel etal to i rregu l ar 

1 )  Several show zoni ng ; most h i ghly fractured . 
2 )  Few shards ; mos t show some tw i n  pl anes . 

S I ZE (MM) 
0 . 001 -0 . 6  

0 . 001 -0 . 1  

0 . 001 -0 . 1  

X 3)  Smal l b l oc ky to skel etal mas ses ; wi dely di spersed throughout matri x .  
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L I TH I C  CLAST 1 3% OF ROCK 

TYPE 
Smal l 

Large4 

RELATI VE ABUNDANCE SHAPE S IZE (MM) 

Very abundant Rounded to i rreg u l ar 0 . 001 - 1 . 0  
S i x  present Rounded to i rregu lar > 1 . 0  

• 

4) a .  Coar·se-gra i ned basal t cons i s ti ng of pyroxene , pl ag i oc l ase and 
i l meni te . 

b .  Very fi ne-grai ned basal t wi th sma l l crystal s  of pyroxene and 
i l meni te wi th probabl e p l ag i ocl ase . 

c. Coarse-grai ned basal t cons i st i n g  of pyroxene ,  pl agi ocl ase and 
i l men i te .  

d .  Coar·se-grai ned basa l t  cons i s t i n g  of pyroxene , pl ag i ocl ase and 
i l meni te . 

e .  Fi ne-gra i ned basal t cons i s ti ng of pyroxene , pl agi ocl ase and 
i l men i te .  

f. Coarse-grai ned basal t cons i s ti ng  of pyroxene, pl agi ocl ase and 
i l men i te .  

TYPE 

Yel l ow-Orange5 

GLASS CLASTS 1 %  OF ROCK 

RELAT IVE ABUNDANCE SHAPE 
Very abundant Angu l ar to spheri cal 

S I ZE (MM ) 

0 . 001 -l . O  
Whi te6 Few Angu l ar to spheri cal 0 . 001 -0 . 5  
5 )  One l arge p i ece wi th fi ne-gra i ned i ncl us i ons ; only a few spheres or 

part spheres . 
6 )  A few sparse fragments of  spheres ; some dev i tri fi cati on . 

SAII1PLE H ISTORY AND PRESENT STATUS OF  SAMPLES - l 0/29/76 

l 0048 was removed 
the B i o-Prep Lab .  
tine sampl es were 

from ALSRC #1 003 , spl i t , and organ i ca l ly  contami nated i n  
I t  was l ater sawed and chi pped i n  SPL . Rema i ni ng pri s 

re-exami ned i n  SSP L .  A l arge pi ece was sent to RCL . 
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PRISTINE SAMPLES : (Al l BP-SPL-SSPL ) 
0 

49 
51 

56 

57 
58 

60 

62 

63 

64 

68 

69 

70 

7 1  

1 72 .  

66 . 
41 . 

gm 

gm 
gm 

1 . 42 gm 

. 67 gm 
1 .  37 gm 

. 42 gm 
5 . 75 gm 

1 . 1 4  gm 

1 .  61 gm 

. 28 gm 

38. gm 

3 1 . gm 

1 0 .  gm 

RETURNED SAMPLES : 

9 49 . 79 gm 

22 1 8 . 34 gm 

Number of 
El ement Analyses 

S i 02 2 
Al 203 4 
T i 02 3 
FeO 2 

Brecci a  pi ece . Two sawed surfaces on B 1  and part of 
T 1 . P i ts on part of T1 . 7 x 3 x 4 . 2  em . 
P i ece. P i tted on one face . Pati na on fi ve .  -RCL
P i ece . Mated to , 70 .  One p i tted surface . Sma l l  
amount of  pati na .  3 . 5  x 5 x 4 em . 

Sma l l  brecc i a  chi ps . No pi ts .  

Fi nes . 
Fi nes . 
Fi nes . 

Fi nes . 

Fi nes . 

Fi nes . 
Fi nes . 

P i ece. Two sawed surfaces . 1 p i tted surface . 
Smal l amount of pati na . 3 . 5 x 4 x 3 em . 
P i ece .  One pi tted surface mated to , 51 . Smal l 
amount of patina . 2 . 5  x 4 . 2  x 3 . 5 em . 

One smal l pi ece . No pi ts or pati na . 3 x 2 x 1 . 5 em . 

40 chi ps . Largest i s  1 x 0 . 5  x 0 . 1  em . Some chi ps 
have pi tted surfaces . 

Chi p .  One pi tted surface . 

CHEMICAL ANALYSES 

Mean Un its  Range 

40 . 46 PCT 3 . 48 
1 2 . 40 PCT 1 .  56 
8 .  77 PCT l .  33 

1 6 . 34 PCT 1 . 28 
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CHEMI CAL ANALYSES 

Number of 
E l ement Analyses Mean Un i ts Range 

MnO 3 . 2 1 4  PCT . 01 9  

MgO 2 7 . 1 7  PCT . 743 

CaO 3 1 1 . 03 PCT . 9 1  

Na20  3 . 476 PCT . 039 

K20 2 . 1 7  PCT . 0001 

Rb 2 4 . 1 6  PPM . 01 

Cs 2 . 1 26 PPM . 004 

Sr 1 90 . 0  PPM 0 

Ba 2 1 83. 5 PPM 33 . 0  

Sc 2 64 . 25 PPM 3 . 1 0  

v 67 . 0  PPM 0 
Cr203 3 . 304 PCT . 031 

Co 3 34 . 0  PPM 2 . 8  

N i  2 1 85 . 6  PPM 56 . 8  
Cu 2 1 0 . 1 4  PPM l .  9 1  

Zn 2 29 . 4  PPM 1 . 6 

Zr 1 240 . 0  PPM 0 
Pd . 0 13  PPM 0 
Ag 2 . 02 P PM . 007 

Cd 1 . 078 PPM 0 

Ta 2 1 . 85 PPM . 1 

Hf 2 1 3 . 1  PPM 2 . 8  

I r  2 . 009 PPM . 004 
Au 3 . 002 PPM . 001 

La 2 1 9 . 2  PPM 3 . 80 

Ce 2 47 . 4  PPM 1 8 . 6  

Nd 1 40 . 0  PPM 0 
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CHEMI CAL ANALYSES 

Number of 
El ement Ana l,lses Mean Un its Range 

Sm 2 1 4 . 05 PPM 1 . 7  
Eu 2 1 .  93 PPM . 04 
Gd 1 1 9 . 8  P PM 0 
Tb 2 3 . 6 PPM . 40 
Dy 24 . 95 PPM 0 
Ho 2 4. 65 PPM . 1 

Er 1 1 4 . 0 PPM 0 
Yb 2 1 3 . 82 PPM 2 . 75 

Lu 2 1 .  98 PPM . 1 5  

u 1 . 69 PPM 0 
Ga 3 5 . 65 PPM . 7 

Ln 3 . 1 1 2 PPM . 1 2  

T1 1 2 . 83 PPB 0 
Ge 1 . 35 PPM 0 
Sb 1 8 . 80 PPB 0 
Bi  1 1 . 62 PPB 0 
0 39 . 8  PCT 0 
Se 1 . 6  PPM 0 
Te . 072 P PM 0 
Cl 1 65 . 4  PPM 0 
Br 2 . 1 32 PPM . 01 3  

Analysts : Ehmann & Morgan , ( 1 970 ) ; Rose et a 1 . ,  ( 1 970) ; Ganapathy et a1 . ,  
( 1 970 ) ; Gol es et a1 . ,  ( 1 970 ) ; Hask i n et a 1 . ,  ( 1 970 ) ;  Tureki an & Kharkar ,  
( 1 970 ) ;  Wasson & Baedecker , ( 1 97 0 ) . 

No Age References 
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( S -69 -45702) 

1 0049 , 0  
( S -76-25446 ) 

2 em . 
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2 2 1  
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Sampl e 1 0049 i s  an angu l ar,  dark g rey, fi ne grai ned basal t .  Thi s  sampl e ori 
gi nal ly wei ghed l 93gm and measured 6 . 5x3 . 5x l 0cm . I t  was origi nal ly  returned 
i n  ALSRC #1 003 ( Bu l k  S ampl e Container) .  

B I NOCULAR DESCRI PTION 

ROCK TYPE : Fi ne Grai ned Basa l t 

BY : Twede l l  

SAMPLE : 1 0049 , 0  

DATE : 5/1 9/76 

WEIGHT : 1 41 gm 

COLOR : Dark Grey 

S HAP E :  Angu l ar 

COHERENCE : I ntergranu l ar - tough 

DI MENS I ONS : 4 . 8  x 4 x 3 . 5  em 

Fracturi ng - few ,  non-penetrative 

FAB RI C/TEXTURE : I sotropi c/Equ i granu l ar , very fi ne gra ined . 

VARIAB I LI TY :  Homogeneous 

SURFACE : I rregu l ar on al l surfaces . A wh i te aphan it ic  coati ng s urrounds 
the p i tted areas only .  

ZAP P ITS : Many o n  B 1 ,  few o n  T 1 , N 1 , W 1 .  None on E 1 , S 1 .  P i ts are g l ass 
l i ned u p  to 0 . 8mm i n  di ameter. 

CAVITIES : 1 0% total surface average < . 6mm in di ameter , s ome crystal l i ned , 
some smooth . 

% OF SI ZE ( MM )  
COMPONENT COLOR ROCK SHAPE DOM . RANGE 

Pl agi ocl ase Whi te 20 Subarig�l ar - subrounded < .  1 < . 1  
I 1 meni te 1 Bl ack 20 Angu l ar - subangul ar < .  1 < . 1  

Pyroxene Bl ack 60 Subrounded < . 1  < .  1 

1 ) Appears to be semi -opaque pl aty crystal s .  



SECTION : 1 0049 , 39 

TH I N  SECT ION DESCRI PTI ON 

SECTION : 1 0049 , 39 

1 0049 223 

W i dth of fiel d 2 . 22mm pl ane l i ght  

BY : Wal ton DAT E :  1 1 / 1 5/75 

SUMMARY : Fi ne-gra i ned ves i cu l ar i ntersertal bas a l t  wi th a pyroxene- i l men i te 
network host i ng smal l er p l agi ocl ase crystal s and abundant mesosta
s i s .  Most of the s i l i ca te crystal s are poorly formed and opt i ca l  
characteri sti cs are poor .  A few euhedral pyroxene crystal s are 
present ,  but are scattered . The i l meni te occurs i n  crys tal s  of 
two g1�nera ti  ons . One generati on i s  composed of sma 1 1  euhedra 1 
l aths and the other as l arge subhedral l aths with i rregu l ar boun
dari es . Many of the l arger i l meni te crystal s contai n  s i l i cate or 
gl assy i nc l u s i ons and have a somewhat s i eve texture . 

Throughout the secti on are masses and stri ngers of  a g l ass -rich 
mesostas i s .  I t  i s  browni sh i n  col or and i s  very turb i d .  Many 
of thE� i l men i te crys ta 1 s are surrounded by the mes os tas i s .  Some 
mi nor dev i tri fi cat i on has taken pl ace . 
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PHAS E  % SECTI ON SHAPE  S I ZE {MM) 

Pyrox 47 Subhedral to euhedral 0 . 05-0 . 2  

P l ag 1 8  Tabu l ar to anhedral 0 . 01 -0 . 2  
Opaq 1 7  Subhedral t o  euhedral 0 . 001 -0 . 2  
Meso  1 8  I rregul ar - -- ---- --
Mafi c Rods 0 . 01 -0 . 2  

COMMENTS : 

Pyrox�ne - Pal e brown to col orl ess subhedral to euhedral crysta l s  of 
pyroxene encl ose the smal l er pl ag iocl ase and i l meni te crys tal s .  Some 
eu hedral crystal s ,  hexagonal i n  outl i ne ,  are scattered randomly i n  the 
sect ion .  They show poor opti cal characteri s t i cs ,  but do have sharper 
gra i n  boundari es . The l arger  subhedral crystal s s how some zoni n g ,  
and al l the crystal s are hi gh ly fractured . Mos t of  the gra in  boundari es 
are poorl y defi ned . Due to the poor opt i cal  characteri s t i cs of the 
pyroxene crystal s ,  no exact determi nation of the type of  pyroxene 
cou l d  be made . 

P l agi ocl ase - Smal l tabu l ar crystal s of pl agi ocl ase occur i nterd i s 
persed wi th bl ocky anhedral crystal s forming  i nterst i t i a l  fi l l i ngs 
wi th i n  the pyroxene- i lmeni te network . The opti cal characteri stics 
are, for the most part, poor .  Some of the smal l er tab u l ar crystal s 
have retai ned sharp twi n  pl anes . 

The pl agi ocl ase gra i ns tend to have sharper and more wel l defi ned 
grai n boundari es than do the pyroxenes . The crystal s are ran
domly scattered throughout the secti on . 

Opaques and Mesostasi s  - The maj or opaque phase i n  the rock i s  i l meni te . 
Two generati ons of crystal s are present .  The smal l er euhedral l aths 
are wi dely scattered throughou t the section whi l e  the l arger s ubhe
dral l aths are somewhat more grouped . The l arger crystal s contai n 
gl ass  and s i l i cate i ncl us i ons and the boundari e s  are very i rregu l ar .  
Many of the crystal s are bent and some are broken . Many o f  the 
crysta l s  are surrounded by the g l ass -ri ch mesostas i s .  

Much of the mesostas i s  i s  present as s tri ngers or as i sol ated masses 
fi l l i ng i ntersti ces i n  the s i l i cate-i l men i te network . There appears 
to be a preference for the mesostas i s  to form near or around the 
l arger i l meni te crystal s .  
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Isol ated patches of troi l i te and tro i l i te wi th i ron-ni ckel are a l s o  
present ,  b ut  onl y i n  moderate amounts . Al so  present are numerous 
spheri cal to i rregu l ar ves i c l es wh i ch are up to 0 . 3  mm in di ameter .  

TEXTURE : The rock cons i sts of a random network of i ntergrown pyroxene and 
i l meni te crystal s .  P l agi ocl ase and mes ostasi s  occurs i ntersti t i a l  to 
th i s  network . The pyroxene forms subhedral to euhedra l  crysta l s but they 
l ack wel l defi ned opti ca l  characteri st i cs . The numerous ves i cu l es are 
rimmed , for the most part , by fi nel y di v i ded pyroxene crystal s .  The tex
ture i s  i ntersertal . Boundari es are sharp to di ffuse . 

Sel ected References : Cameron ( 1 970 )  

H I STORY AND PRESENT STATUS OF SAMPLES - 1 0/29/76 

1 0049 was removed from ALSRC #1 003 , sp l i t  and organi cal l y  contami nated ( due 
to a l arge amount of handl i ng ) i n  the B i o - Prep Lab . A 2gm ch i p  was sent to 
PCTL for PET analys i s .  Remai n i ng pri s t i ne s ampl es were re-exami ned i n  SSPL . 

PRI STI NE SAMPLES : 

35 1 . 1 8  gm Med ium s i ze ch i ps . Al l ch i ps range from 3-7mm ,  
3 5  chi ps total . B P-SSPL 

36 . 1 9  gm Sma l l  ch i ps .  Al l <3mm i n  s i ze but greater than 
l mm .  BP-SSPL 

37 . 43 gm F ines . Homogeneous . BP-SSPL 

38 . 42 gm Fi nes . Homogeneous .  BP-SSPL 

NO RETURNED S ,I\MPLES 

CHEM I CAL ANALYSES 

N umber of 
El ement Ana lyses Mean Uni ts Range 

S i 02 3 4 1 . 69 PCT l .  78 

Al 203 2 9 . 00 PCT . 997 

Ti02 4 9 . 42 PCT 4 . 1 3  

FeO 3 1 7 . 0  PCT 4 . 03 
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CHEM I CAL ANALYSES 

Number of 
E l ement Ana lyses Mean Uni ts Range 

MnO 4 . 228 PCT . 043 

MgO 2 7 . 1 6  PCT . 265 

CaD 3 l 0 . 1 9  PCT 2 . 1 85 

Na20 5 . 51 1  PCT . 054 

K20 4 . 3 1 7  PCT . 085 

Rb l 6 . 2  PPM 0 

Cs l . 1 77 PPM 0 

Sr 2 1 70 . 4  PPM 1 9 . 2  

Ba 2 266 . 0  PPM 1 28 .  

Sc 2 83 . 45 PPM 5 . l  

Cr203  3 . 304 PCT . 034 

Co 2 23 . 5  PPM l . O 

Mo l . 055 PPM 0 

Ag l . 064 PPM 0 

Ta 2 1 . 95  PPM . l 

Hf 1 7 . 3  PPM 0 

Au l 4 . 70 PPB 3 . 60 

La 4 26 . 45 PPM 4 . 2  

Ce 3 90 . 63 PPM 46 . 9  

Nd 2 60 . 95 PPM 3 . 7  

Sm 4 1 6 . 82 PPM 9 . 5  

Eu 4 2 . 1 5  PPM . 1 9  

Gd l 29 . 3  PPM 0 

Tb l 5 . 46 PPM 0 

Dy 3 31 . 67 PPM 2 . 8  

Er l 20 . 9  PPM 0 

Yb  3 1 6 . 93 PPM 6 .  
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CHEM I CAL ANALYSES 

Number of 
E l ement Ana lyses Mean Units Range 

Lu 2 2 . 52 PPM . 1 3  

Th 1 4 . 03 PPM 0 

u 2 . 777 PPM . 074 

Ga 1 4 . 3  PPM 0 

I n  1 . 01 6 PPM 0 

c 2 70 .  PPM 0 

Ge 1 . 001 PPM 0 

N 1 1 1 6 .  PPM 0 

As 1 . 05 PPM 0 

0 1 41 . 0  PCT 0 

s 1 . 22 PCT 0 

Se 1 . 2  PPM 0 

Ana lysts : Rose et al . ,  ( 1 97 0) ;  Wanke et a l . ,  ( 1 971 ) ;  Turek i an  & Kharkar ,  
( 1 970 ) ; Kharkar & Turek i an ,  ( 1 971 ) ;  Gast et al . ,  ( 1 970 ) ; Kapl an et a l . ,  
( 1 970 ) ; Moore et a 1 . , ( 1 970 ) .  

Age References : Hi ntenberger et a 1 . ,  ( 1 971 ) ; Burnett et a l . ,  ( 1 975 ) ; 
Eberhardt ( 1 971 ) .  
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1 0050 , 0  

Ori g i nal  PET Photo 
( S -69-45731 ) 

1 0050 , 0  
(S-76-21 349 ) 

2 em . ....r __,____, 
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1 0050 

Samp l e  1 0050 i s  an angu l ar, med i um l i ght  grey , Cri s toba l i te basal t .  Th i s  
samp le  ori gi na"l l y wei ghed l l 4gm and measured 5x4x3 . 2cm . S ampl e was returned 
i n  ALSRC # 1 003 ( Bul k S ampl e Conta i ner ) . 

B I NOCULAR DES CRI PTION BY :  Twedel l DATE : 1 /1 9/76 

ROCK TYP E :  Cr·i s tobal i te Basal t SAMPLE : 1 0050 , 0 WE IGHT : 28 . 53 gm 

COLOR : Med i um l i ght grey 

SHAPE : Angu l a 1· 

D IME NS I ONS : 3 . 5  x 3 . 2  x 2 em 

COHERENCE : Intergranul ar - Moderately coherent 
Fracturi ng - Few , non-penetrat i ve 

FABRI C/TEXTURE .: I sotropi c/ Equi granu l ar 

VAR IAB I L ITY :  Homogeneous  

SURFACE : Rough 

ZAP P ITS :  AbsE!nt 

CAVITI ES : 25% cavi t i es throughout sampl e .  Average s i ze i s  about l -1 . 5mm .  

% OF S I ZE ( MM )  
COMPONENT COLOR ROCK SHAPE DOM . RANGE 

Pyroxene Dk . Brown 60 Subhedral 0. 1 < .  1 - . 7  
to Dk . Grn . 

Pl agi oc 1 ase Whi te 30 Anhedral 0. 1 < .  1 - . 7  

I l men i te Bl ack 1 0  Subhedral 0. 1 < . l - . 7  
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SECTI ON : 1 0050 , 36 

THI N  SECTION DESCRI PTION 

W i d th of fi el d 1 . 39mm pl ane l i ght 

BY : Wal ton DATE : 6/1 6/76 

SUMMARY : Nearly equ i granul ar suboph i t i c  basa l t composed of cl i nopyroxene, 
two generations of pl agi ocl ase ,  i l meni te ·wi th s ubordi nate cri stoba
l i te ,  troi l i te-i ron n i c ke l , chrom i um u l vospi nel and mesostas i s .  
Large anhedral crysta l s  of pyroxene host the other phases present .  
Many of  these crysta l s are po lygranul ar whi l e  appearing as  a s i n
g l e  crystal i n  p l ane  pol ari zed l i g ht .  

The pl agi ocl ase crystal s are more or  l ess grouped and scattered 
throughout  the pyroxene hos t .  Some smal l euhedral crystal s  of 
pl agi ocl ase are i ncl uded i n  the pyroxene crystal s .  

The i l men i te crysta l s  are l arge and hi gh ly skel eta l . Many of the 
crystal s have chromi te and ruti l e  exsol u ti on l amal l ae .  A few of 
the crys tal l i ne mas ses are made up of many smal l er crystal s gi v i ng 
a polygranu l ar texture to the crys tal . 
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PHASE % S ECT ION SHAPE S IZE  ( MM ) 
Pyrox 55 Anhedra l ,  i rregu l ar 0 . 4 - 1 . 3  
P l ag 28 Euhedral to anhedral 0 . 2- 1 . 0  

Opaq 1 1  Subhedral to s kel etal 0 . 2-1 . 0  

Cri s 5 Anhedral 0 . 1 -0 . 4 

Meso  I rregul ar 0 . 05-0 . 4  

COMMENTS : 

Pyroxene - Large anhedral crysta l s  of cl i nopyroxene form a nearly con
t i nuous array and host a 1 1  other phases present . The crysta 1 s show 
sharp to d i sti nct exti ncti ons wi th moderate zon i ng .  Sma l l  euhedral 
to anhedt·al crysta l s  of o l i v i ne are present i n  several crystal s .  Many 
of the crysta l s  a re granul ated whi l e  reta i n i ng the monocrystal l i ne 
appearance . Almost  al l crysta l s  s how a pronounced fracture pattern 
wi th on ly a minor c l eavage pattern devel oped . A few crystal s show 
s i mp l e twi ns , but thi s  i s  rare . 

Pl ag i ocl ase - Two generati ons of pl agi ocl ase occur i n  the rock .  The 
fi rst type cons i s ts of euhedral tabl ets whi ch appear i n  the section 
as equant to aci cul ar  crysta l s .  The crysta l s  show wel l  deve l oped 
twi n pl anes , sharp exti ncti ons , and mi nor cl u steri ng . 

The second type of crystal s represented i n  the rock forms i nterst iti al 
masses between the pyroxene- i l men i te-pl agi ocl ase network. The 
crysta l s  are l arger than the fi rst type and show poor opti cal charac
teri s ti cs . 

A poss i bl e  th i rd generati on may be present and i s  represented by very 
smal l ,  sharp , i s ol ated euhedral crystal s comp l etely encl osed i n  the 
pyroxene . These crys tal s may bel ong to the f i rst  generati on or may 
represent a compl etely i ndependent generati on . 

Associ ated wi th the second genera t i on of p l agi ocl ase crystal s are smal l 
i rregu l ar masses of gl as s -ri ch mesostas i s .  The col or i s  l i ght to 
dark brown . Some devi tri fi cati on  has taken p l ace, but no phases were 
determi ned . 

Cri stobal i te - Randomly scattered throughou t the section are anhedral 
crystal s of cri s toba l i t e .  The gra i ns are found between adjacent 
pyroxene-pl agi ocl ase  crystal s or between two grai n s  of pyroxene . 
The l ater case i s  the more common .  

Opaques - The most abundant opaque i n  the rock i s  i l meni te wh i ch occurs 
as subhedral to s ke l eta l crysta l masses scattered throughout the 
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rock . The l ath-l i ke crysta l s  tend  to form near the crysta l s  of 
pl agi oc l ase and cri stobal i te .  The s kel etal crystal s are randomly 
scattered in the s i l i cate network . Some ruti l e  and chrom i te ex
so lut i ons are present . 

Associ ated wi th the i lmen i te are crysta l s  of troi l i te and troi l i te wi th 
i ron-ni ckel . The masses are sma l l and widely d i stri buted . 

A few sma l l groups of chromi um u l vospi nel are al so i n  the rock . These 
sma l l masses are associ ated wi th smal l masses of i lmen i te .  The 
crystal s are very rounded and i rregu l ar i n  shape . 

TEXTURE : _Subophi t i c  medi um-grai ned basal t cons i st i ng of pyroxene ,  two 
generati ons of pl agi ocl ase ,  i l meni te and cri stobal i te wi th mi nor other 
phases . Contacts are s harp and l i ttl e to no i nterreacti on between phases 
is presen t .  

Sel ected References : Frondel et al . ( 1 970 ) ,  Ros s et al . ( 1 970). 

H I STORY AND PRESENT STATUS OF SAMPLES - 1 0/29/76 

1 0050 was removed from ALSRC # 1003 and sp l i t  in the B io-Prep Lab . A sma l l 
chi p  was sent to PCTL for PET analys i s .  Remai n i ng pri sti ne sampl es were re
exami ned i n  SSPL . 

PRIST INE  SAMPLES : ( Al l BP -SSPL ) 
0 28 . 53 gm P iece. No pi tti ng observed . 

2 . 40 gm Chi p .  No pi ts . 

1 5  4 . 05 gm Ch ips and fi nes . 

1 6  1 1 . 64 gm Ch i ps and fines . 

1 46 1 1 . 1 2  gm Ch i ps and fi nes spl i t  from • 0 .  

RETURNED  SAMPLES : 

1 1  7 . 06 gm Chi p .  Three pi tted surfaces . 
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CHEMICAL ANALYSES 

Number of 
E l ement Anal�ses Mean Uni ts Range 

S i 02 3 41 . 05 PCT 3 . 53 

A1 203  5 1 0 . 2 1 PCT 2 . 1 2  

Ti 02 4 1 2 . 1 6  PCT 1 . 83 

FeO 3 1 8 .  1 2  PCT 2 . 05 

MnO 3 . 273 PCT . 034 

MgO 3 8 . 65 PCT 3 . 65 

CaO 5 1 1 . 56 PCT 1 . 26 
Na20 5 . 403 PCT . 1 06 

K20 4 . 066 PCT . 030 

Li 1 1  . 00 PPM 0 
Rb 4 . 723 PPM . 1 50 
C s  2 . 027 PPM . 003 
Sr 3 1 66 . 7  PPM 48 . 8  
Ba 2 80 . 50 PPM 23 . 

Sc 2 90 . 70 PPM 3 . 6  

v 3 1 07 . 50 PPt� 1 9 . 0  

Cr203 3 . 333 PCT . 040 
Co 3 1 5 . 93 PPM 5 . 40 

Cu 1 5 . 20 PPM 0 

Zn l .  75 PPM 0 
y 1 04 . 00 PPM 0 
Zr 520 . 00 PPM 0 

Pd . 001 PPM 0 

Ag 1 1 . 42 PPB 0 

Cd 1 2 . 56 PPB 0 

Ta 2 . 2  PPM 0 
Hf 2 1 1  . 05 PPM 4 . 9  
I r  . 01 0 PPB 0 
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CHEM I CAL ANALYSES 

N umber of 
El ement Analyses Mean Un its Range 

Au . 030 PPB 0 

La 2 7 . 70 PPM 1 .  

Ce 2 35 . 50 PPM 3 .  

Pr 1 6 . 20 PPM 0 

Nd 1 36 . 00 PPM 0 

Sm 2 1 3 . 45 PPM 3 . 3  

Eu 2 2 . 08 PPM . 1 5  

Gd 1 1 9 . 90 PPM 0 

Tb 2 3 . 20 PPM 2 . 2  

Dy 28 . 00 PPM 0 

Ho 2 4 . 75 PPM . 3  

Yb  3 8 . 90 PPM 1 0 . 2  

Lu 2 1 . 88 PPM . 1 6  

Th 2 1 . 1 7  PPM 1 . 27 

u 2 . 1 83 PPM . 054 

Ga 4 . 41 PPM 0 

I n  1 . 004 PPM 0 

Tl 1 . 330 PPB 0 

c 1 64 . 00 PPM 0 

Pb . 29 PPM 0 

N 30 . 00 PPM 0 

Bi  . 1 60 PPB 0 

0 1 40 . 50 PCT 0 

Te . Ol l PPM 0 

Br . 01 0 PPM 0 
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Analysts : Ehmann & Morgan , ( 1 970 ) ; Rose et a l . ,  ( 1 97 0 ) ; Wak i ta et a l , 
( 1 970 ) ; Ganapathy et a l . ,  ( 1 970 ) ; Gol es  et al . ,  ( 1 970 ) ; Tera et a l , 
( 1 970 ) ; Gapa l on et al . ,  ( 1 970) ; Papanastass iou et a l . ,  ( 1 970 ) ; Moore et a l . ,  ( 1 970 ) ; Tatsurnoto , ( 1 970 ) ; Anders et al . ,  ( 1 970 ) . 

Age References : Armstrong and A1 smi 1 1 er ( 1 97 1 ) ; Eberhardt ( 1 97l b ) ; 
Tatsumoto ( 1 970 ) . 
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1 0054 

1 0054 i s  the generi c n umber as s i gned to the chi ps samp l e  a l l ocated to the 
Bi o- Pool . I t  was composed of 1 0050 ,0 ( 76 gms . ) , 1 0051 , 0  ( 365  gms ) and 
1 0052 ,0 ( 1 55 gms ) from the Bu l k Samp l e contai ner (ALSRC #1 003 ) . These rocks 
were pl aced together and crushed to fi nes . The compos i te samp l e was pro
ces sed i n  the B io- Prep Lab and al l ocated i n  PCTL . Rema i n i ng pri sti ne samp les 
were re-exami ned i n  SSPL.  

PRISTINE SAMPLES (Al l BP- PCTL-SSPL ) 
1 6 . 89 gm F i nes 

43 1 0 . 63 gm Fi nes 

44 0 . 1 5  gm Fi nes 

RETURNED  SAMPLES 

32 76 . 62 gm Fi nes 

33 79 . 55 gm Fi nes 

NO CHEmCAL ANALYSES OR AGE DATES 
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237 



2 3 8  

1 0056 

Samp l e  1 0056 i s  an angu l ar to sub-angu l ar,  med i um dark grey , mi crobrecci a .  
Th i s  samp l e  ori gi na l ly  wei ghed 1 86gm and measured 9 . 5x4 . 5x3cm . S ampl e was 
retu rned i n  ALSRC #1 003 ( Bu l k Sampl e Conta i ner) . 

B I NOCULAR DESCRI PTION 

ROCK TYPE : Mi crobrecci a 

COLOR:  Medium dark grey 

BY : Twede l l  

SAMPLE : 1 0056 , 1 4  

DATE : 1 0/3/75  

WEI GHT : 1 74 . 95gm 

DIMENSI ONS : 9 . 2  x 4 . 5  x 2 . 8  em 

SHAP E : Angu l ar to subangul ar; shaped l i ke one-hal f of a fl at- i ron broken 
l ongi tudi nal ly ( PET) 

COHE RENCE : I nterg ranu l ar - tough 
Fracturi ng - few , non-penetrat ive ,  some g l ass l i ned 

FAB RI C/TEXTURE : Ani sotropi c/Mi crobrecci a 

VARI AB I LITY : Homogeneous 

SURFACE : Surface i s  i rregu l ar to smooth , wi th a good s i ze port ion of 
fresh surface . S 1  and part of B 1  have a parti al {< lmm th i ck ) 
g l ass  coati ng .  

ZAP PITS :  Many on part of T 1 , many on N 1 ,  few on E 1 ,  B 1 ,  none on W 1 ,  
S 1 • P i ts are g l ass l i ned < lmm i n  di ameter; P i ts occur on a l l 
s i des of specimen ( PET) . 

CAV ITI ES : Vuggy on g l ass surface ( 5 1 )  wi th some cav i ti es a l ong the 
fractures on B 1 •  

COMPONENT 

Matrix 

Whi te Cl ast 1  
B as a l t Cl as t2 

COLOR 

Med . Dk .  
Grey 

Whi te 

Hon . Brn . 
& Whi te 

% OF 
ROCK 

70 

23 
2 

SHAPE 

Angu l ar to subangu l ar 

S I ZE ( MM )  
OOM .  RANGE 

Angul ar to s ubrounded <1 < 1 - 1  

Angul ar to  subangul ar 4 4- 1 0 

Cl ast3 Bl k/Whi te 5 Sal t  & Pepper Angu l ar to subangul ar 2 . 5  2-5  

1 )  Evenl y  d i stributed throughou t the sampl e .  Appears to be crushed 
p l agi ocl ase . 

2 )  Honey brown pyroxene wi th whi te pl agi ocl ase and opaque i l meni te .  
Possi b ly  s ome cri s tobal i te .  
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3 )  Appears to be  the same as  the basal t c l a st  wi thout the pyroxene component .  
E ven ly  d i s tri buted throughout the rock . 

SPEC! AL FEATURES : 

Sampl e has a h i gh c last  popul ati on ,  a majori ty of wh i ch i s  < l mm .  Thi s i s  
most e v i dent on fresh surfaces . Sma l l  areas of brown gl assy s patter on 
exteri or  surfaces of sampl e .  Mos t  s patter has a sugary texture . 

SECTION : 1 0056 , 26 

TH I N  SECTION DE�;CRI PTI ON 

SECT ION : 1 0056 , 26 and 1 0056 , 27 

Wi dth of fi el d 2 . 72mm pl ane l i ght 

BY : Wal ton DATE : 7/ 1 4/76 

SUMMARY : 

PHASE 

Dark Brown 

Partl_y· devi tri fied typi cal brecci a wi th a h i gh mi nera l  
tent . Numerous l arge l i thi c cl asts are al so  present .  
i s  a r·ecrystal l i zed brecci a wi th abundant crysta l l i tes  
c l a s ts i n  the matri x .  

MATRI X 66% OF ROCK 
SHAPE S I ZE ( MM) COMMENTS : 

cl ast con
The rock 
and m i neral  

% SECTION 

1 00 <0 . 001 H i gh  gl ass content wi th a 
very l arge number of sma l l  
crystal l i tes . 
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MINERAL CLASTS 27% OF ROCK 

PHASE RELAT I VE ABUNDANCE SHAPE 

Pyroxene 1 Very abundant Angu l ar to i rregul ar 
S I ZE (MM) 

0 . 001 -0 .4 

0 . 001 -0 . 2  
0 . 001 -0 . 2  

Pl agi ocl ase2 Present Bl ocky to i rregu l ar 

I l men i te 3 Moderate Ske l etal to bl ocky 

1 )  Most  show zon i ng ; poor opti cal characteri s ti cs . 
2 )  Few sh ards ; poor twi ns and exti ncti ons . 
3) Mos t skel etal ; most i n  cl asts . 

TYPE 
Sma 1 1  

Large4 
4) a .  

b .  

c .  

d .  

e .  

f .  

g . 

h .  

i . 

j .  

k .  

LITH I C  CLASTS 5% OF ROCK 

RELATIVE ABUNDANCE 
Very abundant 

E l even presen t  

SHAPE 
Rounded to i rregu l ar 

Rounded to i rregu l ar 

S I ZE (MM ) 
0 .  001 - l . 0 

> 1 . 0  

Coarse-grai ned basal t con s i s ti ng of pyroxene , pl agi ocl ase and 
i l meni te . Most crystal s  gave poor opti cal characteri s ti cs .  

Coarse-grai ned basa l t wi th off-set fau l ts i n  the pl ag iocl ase 
g i vi ng the twi n pl anes a " k i n ked" appearance . 

Fi ne-grai ned basal t consi s ti ng of pyroxene , p l agi ocl ase and 
i l meni te .  

Gl ass -ri ch matri x hos ting sma l l i rregu l ar p l agi ocl ase crystal s .  

Fine-grai ned and g l ass -ri ch matri x  hos ti n g  smal l crystal fragments 
and gl ass fragment s .  

Coarse-gra i ned basa l t cons i st i ng of pyroxene , p l agi ocl ase and 
i l meni te . Mos t  crystal s gave poor opt i ca l  characteri sti cs .  

Coarse-gra i ned basal t wi th only a sma l l amount of opaques present . 
Coarse-grai ned bas al t consi s t i ng of pyroxene, pl ag i ocl ase and 
i l men i te .  

Gl ass -ri ch matri x hos ti ng sma l l rectangu l ar to equant pl agi ocl ase 
crystal s .  

Partly devi tri fied g l ass wi th numerous unresol vab l e crysta l l i te s .  

Coarse-gra i ned basal t cons i s ti ng of pyroxene , p l agi ocl ase and 
i lmeni te .  
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GLASS CLASTS 2% OF ROCK 

TYPE RELATI VE ABUNDANCE SHAPE S IZE {MM) 

Yel low-Orange5 Very abundant Angu l ar to spheri cal 0 . 00 1 - 0 . 9  

Dark Red6 P resent Angu l ar to spheri ca l  0 . 001 -0 . 2 

Whi te 7 Present Angu l ar 0 . 001 -0 . 6  

5 )  One l arge dark orange sphere ; g l ass coat i ng  al ong one edge of secti on ; 
some i mmi sc i b l e  mi xture s ;  mos tly fragments . 

6 )  Part s pheres and a few fragments . 
7 )  Al l fragments ;  some devi trifi cation . 

!1 I STORY AND P RESENT STATUS OF SAMPLES - 1 0/29/76 

1 0056 was removed from ALSRC # 1003 and spl i t  i n  the B i o-Prep Lab . A 0 . 35gm 
ch i p  was sent to PCTL for PET analys i s .  The parent rock was s pl i t  i n  SPL 
for al l ocati on .  Remai n i ng pri s ti ne sampl es were re-exami ned i n  SSPL . 

PRISTI NE SAMPLES : ( Al l BP-SPL-SSPL) 

1 2  0 . :3 7  gm Sma l l chi p ( . 37 gm )  representati ve of the sampl e .  
No pi ts or pat i na . 

1 4  1 74 . 0  gm Large su rface pi ece . Four pi tted surfaces . 

42 3 . 0  gm Sma l l ch i ps found i n  packag i ng of subsampl e 1 4 .  
Ten sma l l  chi ps and fi nes . No pi ts observed . 

NO RETURNED SAf�PLES 

CHEM I CAL ANALYSES 

'lumber o f  
El ement ��na lyses Mean Un i ts Range 

w . 1 5  PPM 0 
Hf 4 1 3 . 02 P PM 5 . 3  
I r  l . 1 30 PPB 0 
Au 2 . 0008 PPM . 0003 
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CHEMICAL ANALYSES 

Number of 
E l ement Analyses Mean Uni ts Range 

La 3 1 1 . 77 PPM 2 . 0  

Ce 4 45 . 92 PPM 42 . 3  

Pr 1 1 2 . 0  PPM 0 

Nd  1 57 . 0  PPM 0 

Sm 3 1 7 . 3  PPM 1 1 . 9 

Eu 4 2 . 78 PPM . 6  

Gd 1 24 . 0  PPM 0 

Tb 2 5 . 20 PPM . 4  

Dy 2 35 . 75 PPM 8 . 5  

Ho 2 7 . 75 PPM 2 . 5  

Er 27 . o  PPM 0 

Tm 2 . 1  PPM 0 

Y b  4 1 4 . 2  PPM 1 1 . 7  

L u  4 1 . 88 PPM 1 . 30 

Th 1 . 4 PPM 0 

u 2 . 1 95 PPM . 03 

B 1 2 . 0 PPM 0 

Ga 2 4 . 65 PPM . 7  

I n  2 . 032 PPM . 057 

Ge 2 . 62 PPM 1 . 1 6  

Sn 1 . 3 PPM 0 

P b  1 1 .  2 PPM 0 

N 70 . 00 PPM 0 

As 2 . 04 PPM . 02 

S b  5 . 00 PPB 0 

0 41 . 3  PCT 0 

S i 02 2 42 . 78 PCT . 85 

A1 20 3  3 1 1 . 02 PCT . 76 



1 0056 2 4 3  

CHEMICAL ANALYSES 

Number of 
E l ement .ll.nalyses Mean Uni ts Range 

T i02 4 4 . 34 PCT 3 . 84 

FeO 4 1 7 . 9 1 PCT 2 . 32 

MnO 3 . 260 PCT . 01 3  

MgO 2 5 . 55 PCT 1 . 82 

CaO 3 1 3 . 66 PCT 2 . 94 

Na20 3 . 42 PCT . 076 

K20 . 1 1 3  PCT 0 

P20s 1 . 07 PCT 0 

Li  1 6 . 0  PPM 0 

Rb 2 . 0  PPM 0 

Cs . 06 PPM 0 

Be 1 3 . 0  PPM 0 

Sr 1 1 60 .  PPM 0 

Ba 2 1 70 .  PPM 1 40 . 0  

Sc 4 99 . 4  PPM 1 7 . 4  

v 2 51 . 5  PPM 9 . 0  

Cr203 4 . 200 PCT . 01 9 

Co 3 1 3 . 63 PPM 3 . 1 0  

N i  2 32 . 50 PPM 34 . 97 

Cu 1 3 . 8 PPM 0 

Zn 2 . 7  PPM 0 

y 1 1 80 . 0 PPM 0 

Zr 1 34 . 0  PPM 0 

Nb 1 34 . PPM 0 

Mo 2 . 21 5 PPM . 37 

Pd . 1 PPM 0 

Ag . 2  PPM 0 
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E l ement 

Cd 

Ta 

F 

C1  

Br 

Number of 
Analyses 

4 

1 0056 

CHEMICAL ANALYSES 

Mean Uni ts Range 

. 9  PPM 0 

2 . 05 PPM 1 . 0  

30. 0 PPM 0 
1 6 .  PPM 0 

. 06 PPM 0 

Anal ysts : Ehmann & Morgan , ( 1 970) ; Morri son et a l . ,  ( 1 970 } ; Gales et al . ,  
( 1 970 } ; Kharkar & Tureki an , ( 1 97 1 ) ;  Wasson & Baedecker , ( 1 970 }  

No  Age References 
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Ori g i na l  PET Photo 
( S -69-46294 ) 

1 0057 , 1 9  & , 30  
( S - 75-33296 ) 

2 4 5  

l e m .  r..___j 
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1 0057 

Samp l e  1 0057 i s  a subangu l ar ,  dark grey , ves i cul ar basal t .  Thi s sampl e 
ori gi na l l y  wei ghed 91 9gm and measured l l x l 0x6cm .  I t  Has ori g i nal ly  
returned i n  ALSRC # 1 003 ( Bu l k S amp l e  Conta i ner) . 

B I NOCULAR DESCRI PTI ON 

ROCK TYP E :  Ves i cu l ar basal t 

BY : Kramer 

SAMPLE : 1 0057 , 30 

DATE :  1 1 /2 1 /75  

WE IGHT:  230 gm 

COLOR : Dark grey DIMENS I ONS : 7 x 5 x 3 . 5  em 

SHAPE : Subangu l ar ;  tri angu l ar to trapezoi dal ( PET) 

COHERENCE : I ntergranu l ar - tough 
Fracturing - none; two sets of fractures 70° apart ( PET) 

FABRI C/TEXTURE : I sotrop i c/Equ i granu l ar 

VARIAB I LITY :  None 

SURFACE : Al l are ves i cu l ar - i rregul ar 

ZAP P I TS :  Many , a l l  faces ; some p i ts are fi l l ed wi th yel l owi sh -brown 
gl ass  ( PET) . 

CAVITIES : 60% o f  fresh surface composed of vesi c les . Li ned wi th 
pyroxene and opaques . 

COMPONENT 

P l agi ocl ase 

Pyroxene 

Opaques 1 

COLOR 

Mi l ky Wh . 

Brown 

% OF 
ROCK SHAPE 

25 Lathl i ke to s ubhedral 

60 B l ocky 

Meta l l i c  B l k .  1 5  Tabul ar 

1 )  Mostly i l men i te .  

S I ZE ( MM) 
DOt� . RANGE 

. 2  . 05- . 5  

. 1  . 01 - . 2  

. 1  . 01 - . 2  

SPECIAL FEATURES : Some smal l patches ( <2cm) of bl ack gl assy spatter 
noted on several exteri or surfaces . 
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Section : 1 0057 ,8 1  W i dth of fiel d :  l . 39mm pl ane l i ght 

THI N  S E CT I ON DES CRI PTI ON BY : Wal ton DATE : 1 0/ 1 4/75 

SUMMARY : Fi ne, -grai ned ves i cu l ar basal t composed of cl i nopyroxene , pl ag i o
cl ase , and i l men i te wi th subord i nate troi l i te ,  i ron-n i c kel , and 
mesostasi s .  The pyroxene forms sma l l  subhedral  to anhedral 
crys tal s and forms a network wi th the i l meni te .  I nterst i t i a l 

PHASE 

Pyrox 

P l  ag 

Opaq 

Meso  

Vesi cl es 

to thi s  network ,  anhedra l crystal  masses of pl agi oc l ase and 
gl assy mesostas i s  form an i ntersertal texture . Al l crystal s 
are i n  random ori entati on . 

% SECTI ON SHAPE S I ZE {MM) 
41 Subhedra l to anhedral 0 . 05-0 . 2  

23 Anhedral 0 . 01 -0 . 4  

1 7  Lath - 1  i ke to subhedra l O . Ol -0 . 2  

1 9  I rregu l ar 0 . 05-0 . 2  

Round to irregul ar 0 . 1 -0 . 3  

�- - ----�--
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COMMENTS : 

Pyroxene - Pal e brown to cl ear s ubhedral to anhedral crysta l s of 
cl i nopyroxene are i ntergrown w i th p lag ioc l as e  and i lmen i te ,  
Most of the pyroxene crystal s  are h i gh ly  fractured and on ly  
occas ional ly show wel l devel oped cl eavage patterns . Sharp contacts 
are present between a l l  pyroxene crystal s  and the other phases 
present .  

Pl agi ocl ase - Sma l l  tabul ar crysta l s  of  p l a g i oc l ase predomi n ate as 
the i ntersti ti al  mi neral with i n the pyroxene - i l meni te network . 
Al so i ncl uded i n  the i nterst ices are anhedra l , b l ocky crysta l s  
of pl agi ocl ase .  The tabu l ar type s how wel l devel oped twi n  p l anes 
wh i l e  the blocky crysta l s  show poor deve l opment or none at al l .  
Many of the crystal s have g l as s  or s i l i cate i ncl u s i on s . The 
crystal s  are randomly scattered throughout the rock wi th no 
preferred ori entati on . 

Opaques - Two popu l ati ons of i lmeni te crysta l s occur i n  the roc k .  
The fi rst type are l arge l ath - l i ke crystal s whi ch grade to smal l e� 
subhedral somewhat s kel etal crystal s .  Many of the crystal s conta1 n  
si l i cate i ncl usi ons . These two types tend to merge and grade from 
one type to the other . 

As soci ated wi th the i lmeni te are smal l ( 0 . 005 -0 . 0 lmm) mas ses of 
troi l i te wi th i ron-ni ckel i nc l u s i ons . I so lated 1 arger masses 
of troi l i te (O . - l -0 . 09mm) wi thout i ron-ni ckel i nc l us i ons occur 
between the crystal s  of pyroxene . 

Mesostas i s  - Irregul ar patches of  pal e  brown to c l ear g l as s  ri ch 
mesostas i s  occur throughout the rock .  The masses have a "bubb ly "  
appearance and are made up of i rregul ar patches of devi tri fi ed 
phases i ntermixed w i th the gl assy phase . No i denti f i cation of 
the phases present was made . The patches fi l l  voi d areas be
tween adjacent crystal l i ne phases . The contacts w ith these 
phases are s harp and no reacti on w ith the gl ass phase was noted .  

TEXTURE : Intersertal basal t cons i s ti ng of a random network of sub
hedral pyroxene and i l menite w ith i ntersti ti al  anhedral p l ag io
clase and mesostasi s .  Some graduati on  i n  the devel opment of 
the i lmeni te crystal s is present . A s imi l ar gradua ti on is a l so 
noted i n  the pl agioc l ase devel opment. The ves i cl es tend to be 
rimmed by smal l pyroxene aggregates . Al l contacts between phases 
are s harp . 

Sel ected References : Essene et al . ( 1 970) , Lovering et a l . ( 1 970) , 
Reid  et al . ( 1 970 } , Haggerty et a l . ( 1 970 ) . 



1 0057 249 

H ISTORY AND PRESENT STATUS OF SAMPLES - 1 0/ 1 7/76 

1 0057 was removed from the Bu l k  Samp le  contai ner (ALSRC #1 003 ) and s p l i t  i n  
the B i o- Prep llab . The samp l e  was sawed and chi pped i n  SPL .  Remai ni ng  pri s 
t i ne s amp l es were re-exami ned i n  SSPL . 

PRISTINE  SAMPILES : ( Al l BP-RCL-BP-SPL-SSPL) 

1 7  

1 9  

30 

84 

98 

99 

1 00 

1 01 

1 02 

1 03 

1 04 

1 05 

1 06 
1 41 

26 . 38 gm 

1 67 . 77 gm 

230 . 0  gm 

5 .  '1 6 gm 

. :�9 gm 
1 . 68 gm 

1 . :�3 gm 

3 . •W gm 

1 1 . 99 gm 

8 .  "1 6 gm 

27 . 40 gm 

32 . ?0 gm 

. 40 gm 

1 4 .  <�9 gm 

RETURNED  SAMPLES : 

9 7 . 888 gm 

1 3  

1 4  
28 

74 

204 

21 2 

9 . 1 1 7  gm 

6 . S87 gm 
1 2 . 1 7  gm 

7 Al gm 

38 . 05 gm 

5 . 82 1  gm 

Chips and fi nes . Largest chi ps are l es s  than 0 . 5gm .  

Sawed pi ece . Three surfaces were sawed , two are 
pi tted and one i s  fresh . 

P i tted p i ece . Three surfaces are p i tted , three are 
fresh .  

Ch i ps and fi nes . Th i s  subsamp l e  appears to b e  a 
sorti ng of i l meni te- l i ned ves i c les . 

Two sawed chi ps . 

Sawed pi ece .  1 x 1 x 0 . 5  em . 

Sawed p i ece . 1 x 1 x 0 . 3  em . 

S l ab pi ece. F ive sawed and one fresh surface . 
3 x 1 x 0 . 5 em . 

S l ab  p iece .  Four sawed , one p i tted and one  fresh 
s urface . 

S l ab pi ece . Fi ve sawed and one fresh s urface . 
2 x 1 x 1 em . 

S l ab p i ece . Four s awed and two fresh surfaces . 
4 x 4 x 1 em. 

S l ab p i ece . Three sawed and three fresh surfaces . 
5 x 3 x 1 em . 

Sawed ch i ps . 
Sma l l  chi p s .  Al l have some pi tted su rfaces . 

S awed ch i ps .  Most have pi tted s urfaces . 

Two chi ps . Both have some p its . 

Two ch i ps .  Both have p i tted surfaces . 
Chi p# 3 x 1 . 5 x 1 em . One pi tted surface .  

Two chi ps .  Both have pi tted surfaces . 

Ch i ps and fi nes . 

Chi p .  Few p i ts .  
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CHEMICAL ANALYSES 

Number of 
El ement Analyses Mean Uni ts Range 

Ta 3 1 . 63 PPM . 8  

w 2 . 425 PPM . 01 

Hf 4 1 6 . 75 PPM 3. 1 

Re . 001 5 PPM 0 
Os . 020 PPB 0 
I r  3 . 043 PPB . 091 

Au 5 l .  67 PPB 6 . 39 

La 8 26 . 54 PPM 7 . 9  

Ce 5 76 . 72 PPM 1 3 . 4  

Pr 2 1 5 . 5  PPr� 1 3 .  

Nd 4 64 . 5  PPM 9 .  

Sm 7 1 9 . 73 PPM 9 . 7  

Eu 7 2 . 1 4  P PM . 7 

Gd 3 27 . 33 PPM 4 .  

Tb 4 5 . 65 PPM 2 .  

Dy 6 33 . 93 PPM 1 8 .  

Ho 3 6 . 63 PPM 2 . 5  

Er 3 22 . 33 PPM 1 6 .  

Tm 1 2 . 3  PPM 0 

Yb  7 1 7 . l l  P PM 20 .  

Lu 5 2 . 44 PPM . 55 

Th 6 3 . 67 PPM l .  23 

u 7 . 772 PPM . 500 

B 2 2 . 4  PPM 3 . 2  

Ga 5 4 . 66 P PM 1 . 7 

I n  4 . 01 97 PPM . 067 

Tl 1 1 . 1 09 PPB 0 
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CHEMI CAL ANALYSES 

Number of 
El ement Ana lyses Mean Uni ts Range 

c 1 1 6 . 0  PPM 0 
Ge 3 . 79 PPM 1 . 23 

Sn 1 . 6 PPM 0 

Pb 2 2 . 34 PPM 1 .  32 

S i 02 5 41 . 61 PCT 6 . 20 

Al 203 7 8 . 42 PCT 3 . 28 

T i 02 9 1 0 . 86 PCT 4 . 34 

FeO 7 1 9 . 08 PCT 2 . 1 9  

MnO 1 0  . 230 PCT . 084 

MgO 5 7 . 02 PCT 1 .  52 

CaO 8 1 1 . 07 PCT 4 . 20 
Na20 8 . 51 5  PCT . 1 42 

K20 1 2  . 296 PCT . 254 

P20s 2 . 1 32 PCT . 076 
H 2 . 1 3  CC/G . 06 

Li 4 1 4 . 50 PPM 1 1  . 00 

Rb 8 5 . 24 PPM 2 . 62 

Cs 5 . 1 94 PPM . 051 

Be 2 2 . 90 PPM . 8  

Sr 6 1 42 . 22 PPM 90 . 00 
Ba 6 309 . 67 PPM 232 . 

Sc 6 89 . 33 PPM 1 5 . 00 
v 4 5 5 . 00 PPM 25 . 

Cr:203 7 . 342 PCT . 1  01 

Co 8 26 . 7  PPM 9 .  

N i  5 1 6 . 22 PPM 33 . 87 
Cu 5 6 . 00 PPM 7 . 48 
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CHEMICAL ANALYSES 

Number of 
El ement Analyses Mean Un i ts Ranqe 

Zn 3 2 . 1 2  PPM 1 . 1 9  
y 4 201 . 25  PPM 85 . 0  
Zr 4 621 . 25 PPM 250 . 0 

Nb 2 35 . 5  PPM 1 3 .  

Mo 2 . 25 PPM . 3  

Pd 3 . 039 PPM . 09 
Ag 4 . 025 PPM . 051 

Cd 3 . 302 PPM . 897 

N 1 70 . PPM 0 
As 2 . 045 PPM . 01 

Sb 1 . 005 PPM 0 

Bi . 270 PPB 0 

0 2 40 . 4  PCT 0 

s l . 228 PCT 0 

Se 2 . 1 50 PPM . 061 

Te . 008 PPM 0 
F 3 82 . 67 PPM 20 . 

Cl 2 3 1 . PPM 38 . 

Br 2 . 063 PPM . 075 

Analysts : Begemann et a l . ,  ( 1 970 ) ; Engel and Engel , ( 1 970 ) ; Morri son et 
al . ,  ( 1 970 ) ; Wan ke et a l . ,  ( 1 97 0 ) ; Sma l es et a l . ,  ( 1 971 ) ;  Ganapathy et al . ,  
( 1 970) ; Kharkar & Tureki an ,  ( 1 97 1 ) ;  Stoenner et al . ,  ( 1 97 1 ) ;  Annel l & 
Hel z ,  ( 1 970 ) ; Tureki a n  & Kharkar ,  ( 1 970 ) ; Engel , ( 1 97 1 ) ;  O ' Kel ly  et al . ,  
( 1 970 )  Wanl ess  et al . ,  ( 1 970 ) ; Stoenner et a l . ,  ( 1 970 ) ; Papanastass iou 
et al . ,  ( 1 970 ) ; Anders et al . ,  ( 1 97 1 ) ;  Lover i ng  & Butterfi el d ,  { 1 970 ) ; 
Has ki n  et  a l . ,  ( 1 970 ) ; Perki n s  et  al . ,  ( 1 970 ) ;  Tatsumoto , ( 1 970 ) ;  Wri g l ey 
& Qua i de , ( 1 970 ) ; Wasson & Baedecker , ( 1 970 ) ;  Kaplan et a l . ,  ( 1 970 ) ; 
Wan ke et al . ,  ( 1 97 2 ) . 
Age References : Hi ntengerger et a l . ,  ( 1 97 1 ) ;  Armstrong & Al smi l l er ( 1 97 1 ) ;  
O ' Kel ly et a l  . , ( 1 970 ) ;  Boschl er ( 1 97 1 ) ;  Marti et al . ,  ( 1 970 ) ; Perk i n s  ( 1 970 ) ;  
Wanl ess ( 1 970 ) ; Tatsumoto ( 1 970 ) ; Papanasta s s i ou ( 1 970) Crozaz et a l . , ( l 970 ) . 
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1 0058 

Sampl e 1 0058 i s  an angu l ar to sub-rounded , whi te to dark brown , ol i vi ne 
basa l t .  Thi s  samp le  ori gi nal ly  wei ghed 282gm and measu red  5 . 5x 5 . 5x5cm. 
I t  was ori ai nal l v  returned i n  ALSRC #1 003 . 

B I NOCULAR DESCRIPTION 

ROCK TYPE :  Medi um grai ned basal t 

COLOR: Whi te and dark brown 

BY : Twede l l 

SAMPLE : 1 0058 ,3 

DATE : 6/3/76 

WE I GHT :  1 73 gm 

DIMENS I ONS : Ch i ps and fi nes 

SHAPE : Angu l ar to sub-rounded 

COHERENCE : I ntergranu l ar - fri able 
Fracturi ng - absent; one fracture surface ( PET)  

FABRI C/TEXTURE : I sotropi c/Equi granul ar; Hol ocrystal l i ne ( PET) 

VARIAB I L ITY : Homogeneous 

SURFACE : Most su rfaces are smooth . 

ZAP PITS : None 

CAVITI ES : About 2% of surface i s  vuggy . 

% OF 
COMPONENT COLOR ROCK 

P l agiocl ase1  Whi te 45 

Pyroxene2 Honey Brn .  30 

Dark/or/Bl ack 3 Brn/Bl k 25 

Subangul ar to sub-
rounded 

Angu l ar to s ubangul ar 

Rounded to e l ongated 

SIZE ( MM) 
DO� . RANGE 

. 5 . 25- . 8  

. 3  . 2- . 5  

. 5  . 4 - . 8  

1 )  Ranges from crysta l l i ne to powder wh i te .  Pos s i b ly some cri s toba l i te .  
2 )  Most crystal s are i n  good condi ti on . Not much evi dence of s hock . 
3 )  Probabl y  i l meni te and some pyroxene .  
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THI N  SECTION DESCRI PTION 
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W i dth of fi el d - 2 . 72mm p l ane l i ght 

BY : Wal ton DATE : 6/3/76 

SUMMARY : Medi um-grai ned suboph i ti c  basa l t composed of l arge anhedral 
crystal s of cl i nopyroxene , two generations of pl agi ocl ase ,  and 
i l meni te wi th subordi nate cri stobal i te ,  pyroxferroi te and 
mesostas i s .  The l arge crys tal s  of pyroxene host al l other 
phast�s present . The pyroxene i s  hi g h ly zoned .  The i l men i te 
crys tal s  are very s ke leta l . 

PHASE % SECTION SHAPE S I ZE (MM) 
Pyrox 44 Anhedral , i rregul ar 0 . 1 - 2 . 5  
P l ag 37 Subhedral to anhedral 0 . 05- 1 . 7  
Opaq 1 3  Subhedral to s kel etal 0 . 2 - 1 . 8  
Cri s 5 Anhedra l 0 . 2- 1 . 1  
Meso 1 I rregu l ar 0 . 05-0 . 2  
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COMMENTS : 

Pyroxene - Large anhedral hi ghly zoned crystal s  of cl i nopyroxene form 
an a lmost conti n uous array . The ext i ncti ons are , for the most part ,  
poor wi th few gra i ns g i v i ng sharp exti nct i on poi nts . Almost a l l 
crystal s  show a pronounced fracture pattern wi th mi nor cl eavag� 
parting devel oped . Some crys ta l s have s harp, wel l  defi ned cl eavage 
patterns . 

Smal l crysta l s of pyroxferro i te are associ ated as overgrowths on the 
pyroxene crysta l s .  These crysta l s form sharp contacts wi th the pyro
xene . Many of the fractures i n  the pyroxene conti nue through the 
adj acent pyroxferroi te overgrowth . The pyroxferroi te crystal s  are 
scattered throughou t the secti on and no l ocal i zed concentrat ion was 
�oted . 

P l agi ocl ase - Two generati ons of pl agi ocl ase occur i n  the rock .  The 
fi rs t generati o n  cons i s ts of l ong tabul ar crystal s and appears i n  
the secti on e i ther as wel l  defi ned rectangul ar or aci cu l ar crysta l s .  
The second generation occurs as anhedra l  void fi l l i ngs i n  the 
pyroxene-i l meni te-pl agi ocl ase network . The f i rs t  generation crystal s 
are cl early grouped i nto masses wi th i n  the rock .  Some areas contai n 
no p l agi ocl ase wh i l e  o thers have a heavy concentration .  Al l the fi rst 
generati on crystal exhi b i t  sharp twi n  p l anes and exti ncti ons . The 
second generati on crystal s  show much poorer opti cal characteri sti cs . 

Isol ated , yet cl osely rel ated to the p l agi ocl ase masses , are areas of 
col orless to pal e brown mesostas i s .  Some dev i tri fi cation of the 
gl ass has taken p l ace . 

Cri stoba l i te - Large anhedra l crystal s of cri stobal i te occur as i nter
sti t i a l  fi l l i ngs  i n  the vo i ds wi thi n the s i l i cate network . 

Opaques - The most common opaque mi neral present i n  the rock i s  i l men i te .  
The crystal s are s ubhedra l  to very s kel eta l  and are scattered 
throughout the secti on . Many of the crysta l s  have finger- l i ke 
projecti ons form i ng a very erose crystal . 

Associ ated with the i lmeni te are sma l l masses of troi l i te ,  troi l i te 
wi th i ron-n i ckel and baddel eyi te .  The masses of troi l i te are more 
often i so l ated and not d i rectly  associ ated wi th the i l meni te .  The 
troi l i te wi th i ron-n i c kel and the baddel eyi te are ,  however , found 
i ntergrown wi th the i l men i te .  The s i ze of the troi l i te and troi l i te 
wi th i ron-ni cke l i s  from O . Ol -0 . 2mm whi l e  the baddel eyi te forms a 
few smal l ( 0 . 05mm) masses . 

TEXTURE : Suboph i t i c  med i um-gra i ned basa l t cons i s t i ng of pyroxene , two 
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generati ons of p l agi ocl ase , i l men ite and cri s toba l i te with mi nor other 
phases . The presence of baddel eyi te i s  unusual for Apol l o  l l  basal ts . 
Contacts are s harp and l i tt l e  to no i n terreacti on between phases i s  
present . 

Sel ected References : B rown et al . ( 1 970 ) , Cameron ( 1 970) , 
S i mpson and Bowi e ( 1 970 )  

H ISTORY AND PRESENT STATUS OF SAMPLES - 6/3/76 

1 0058 was removed from the B u l k S amp l e  conta i ner ( ALSRC # 1003 ) and spl i t  
i n  the B i o-Prep  Lab . A 2gm ch i p  was sent to PCTL for PET ana l ys i s .  Re
mai n i n g  pri st i ne s ampl es were re-exami ned i n  SSPL .  

PRI STI NE SAMPLES : ( Al l BP -SSPL ) 
2 1 . 20 gm Chi p .  No p i tted surface . 
3 l 73 . ::l  gm Large ch i ps and fi nes . No pi tted surfaces observed . 

1 5  9 .  24 gm Fi ne fi nes . 

1 6  5 . .35 gm Fi ne fi n es . 

1 7  1 4 . 06 gm Fi ne fi nes . 
1 8  1 6 .  2 1  gm Fi ne fi nes . 
1 9  6 . 88 gm Fi ne fi nes . 

34 23 . 53 gm Chi p .  N o  pi tted surfaces . 

RETURNED SAMPLES : 

1 09 1 1 . 79 gm Ch i p .  One sawed surface . One pi tted surface . 

CHEMICAL ANALYSES 

Number of 
El ement Analyses Mean Un i ts Range 

S i 02 4 40 . 78 PCT 2 . 34 

Al 203  5 1 0 . 85 PCT 1 . 6 
Ti 02 4 l 0 . 1 3  PCT 1 . 55 

FeD 4 1 8 . 55 PCT 2 . 25 
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CHEMICAL ANALYSES 

Number of 
El ement Analyses Mean Uni ts Range 

MnO 4 . 257 PCT . 060 

MgO 4 6 . 1 2 PCT . 663 

CaD 5 1 2 . 37 PCT 4 . 39 

Na20 6 . 423 PCT . 065 

K20 6 . 097 PCT . 042 

PzOs 1 . 055 PCT 0 

Li 2 8 . 70 PPM 5 . 40 

Rb 5 1 .  01 PPM . 620 

Cs 3 . 1 21 PPM . 273 

Be 1 1 . 5 PPM 0 

Sr 4 1 94 . 32 PPM 46 . 3  

Ba 5 1 26 . 8  PPM 27 . 00 

Sc 3 87 . 27 PPM 1 3 . 20 

v 2 59 . 50 PPM 37 . 0  

Cr20 3 4 . 233 PCT . 053  

Cr 1 1 960 .  PPM 0 

Co 3 1 3 . 93 PPM 1 . 00 

N i  1 7 9 . 99 PPM 0 

Cu 1 7 . 1 0  PPM 0 

Zn 9 . 3  PPM 0 

y 1 50 . 0  PPM 0 

Zr 4 278 . 50 PPM 1 90 .  

N b  1 47 . PPM 0 

Mo 1 . 4  PPM 0 

Pd 1 . 2 RPM 0 

Ag 1 . 07 PPM 0 

Cd 1 . 7  PPM 0 

Ta 2 1 . 3 PPM . 6  
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CHEM ICAL ANALYSES 

Number of 
El ement Analyses Mean Uni ts Range 

w . 36 PPM 0 
Hf 3 1 0 . 82 PPM 4 . 74 

Au . 720 PPB 0 
La 3 1 3 .  1 PPM 4 . 5  

Ce 3 41 . 4  PPM 6 .  

Pr 1 3 . 0  PPM 0 
Nd 2 56 . 5  PPM 30 . 8  
Sm 3 1 7 . 73 PPM 8 .  
Eu 4 2 . 34 PPM 1 . 4 
Gd 2 22 . 8  PPM 1 . 6 
Tb 2 4 . 45 PPM 1 . 9  
Dy 2 33 . 0 PPM 1 2 . 0  
Ho 2 7 . 25 PPM 3 . 5 
Er 2 26 . 1 5  PPM 1 9 . 7  
Tm 2 . 0  PPM 0 
Yb 4 1 4 . 1 2  PPM 1 7 . 0  
Lu 3 2 . 1 3  PPM . 36 
Th 1 . 1 PPM 0 
u 2 . 1 9  PPM . 02 
B 2 .  PPM 0 
Ga 2 4 . 55 PPM . 5  
I n  2 . 392 PPM . 41 5  
Ge 2 . 63 PPM 1 . 1 4  
Sn 1 . 2 PPM 0 
Pb 3 .  PPM 0 
N 40 . PPM 0 
As . 07 PPM 0 
Sb . 01 PPM 0 
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CHEMICAL ANALYSES 

Number of 
El ement Analyses Mean Un its  Range 

0 39 . 9  PCT 0 

F 50 .  PPM 0 

Cl  50 .  PPM 0 

Br . 3  PPM 0 

Analysts : Ehmann & Morgan , ( 1 970 ) ;  Morri son et a 1 . ,  ( 1 970 ) ;  Rose et al , 
( 1 970 ) ; Gol es et al . ,  ( 1 970 ) ; Tera et al . ,  ( 1 970) ; Gast  et al . ,  ( 1 970) ; 
Murthy et a1 . ,  ( 1 970) ; Hurl ey & Pi nson , ( 1 970 ) ; Ehmann et a 1 . ,  ( 1 975 ) ; 
Wasson & Baedecker ,  ( 1 970 ) . 

Age References : Eberhardt ( 1 97 1 b ) ;  Papanasta s s i ou ( 1 970 ) ; Papanastassi ou 
et a 1 . ,  ( 1 97 1 ) ;  Crozaz et a l . ,  ( 1 970 ) . 
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1 0059 

1 0059 i s  a medi um dark grey , m i crobrecci a  that ori gi nal ly  wei g hed 1 88gm .  
I t  was returned i n  ALSRC #1 003 ( Bu l k  Samp l e  conta i ner ) . There was no  PET 
descri pti on generated for thi s  sampl e .  

B I NOCULAR DES CRI PTI ON 

ROCK TYPE : Mi crobrecci a 

BY : Twedel l 

SAMPLE : 1 0059 , 1 

DATE :  l /22/7 6  

WE IGHT : 24 gm 

COLOR : Medi um dark grey 

SHAP E :  Rounded to subrounded 

DIMENS I ONS : 3 x 2 x 1 . 5 em 

COHE RENCE : I n tergranu l  ar - Fri ab 1 e 
Fracturi ng - Few , non-penetrat ive 

FABRI C/TEXTURE : Ani sotropi c/Mi crobrecci a 

VARIAB I LITY :  Homogeneou s 

S URFACE : Smooth on exteri or surfaces to i rregu l ar on fresh . 

ZAP P ITS : Many on one surface of each of the 4 l argest pi eces , none on  
a l l  other surfaces . Pi ts are g l ass l i ned , u p  to l mm i n  d i a
meter. 

CAVITI ES : Absent 

COMPONENT 

Matri x 1  

Whi te C1 ast2 

COLOR 

Med . D k . Grey 

Whi te 

% OF 
ROCK 

99 

1 

1 )  Loosely powdered soi l brecci a .  
2 )  Crushed i n  texture , no crystal faces . 

SHAPE 

Angul ar 

S I Z E ( MM )  
DOM .  RANGE 

0 . 6  . 25-1 . 0  

N OTE : Sampl e  was separated i nto three l arger pi eces . Al l pieces 
( ,  1 , 83 , 84 )  fi t i n to thi s  descri pti on . 
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Section 1 0059 ,41  Width of fiel d 2 . 72 mm refl ected l i ght 

Section 1 0059 ,41 Width of field 2 . 72 mm pl ane l i ght 
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TH IN  SECTI ON DESCRI PTI ON 

SECTION : 1 0059 , 41 

1 0059 

BY : Wal ton DATE : 6/24/76 

SUMMARY : S l i ghtly  devi tri fi ed typi cal brecci a wi th rel a ti vely l ow l i th i c  
c l ast con tent .  The matrix i s  · very dark and nearly opaque . 

MATRI X 79% OF ROCK 

PHASE % SECTION 

1 00 

SHAPE S I ZE(MM) COMMENTS : 

Very dark brown < 0 . 001  Very high g l ass 
content ;  very l i ttl e 
devi trifi cati on . 

PHASE 

Pyroxene 1 

P l agi ocl ase2 

Opaques 3 

MINERAL CLASTS 1 4% OF ROCK 

RELATI VE ABUNDANCE SHAPE 

Very abundant  Angu l a r  to i rregul ar 

Present B l ocky to i rregu l ar 

Few S kel etal to b l ocky 

1 )  Predomi nant phase present ; poor ext i ncti ons . 
2 )  Very rare ; a few smal l shards . 
3 )  Scarce ; a few present i n  matri x .  

TYPE 

Sma 1 1  

LITH I C  CLASTS 3% O F  ROCK 

RELATI VE ABUNDANCE SHAPE 

Very abundant Rounded to i rregul ar 

Fi ve present Rounded to i rregul ar 

S I ZE (MM) 
0 . 001 -0 . 6  

0 . 001 -0 . 05 

0 . 00 1 -0 . 1  

S I ZE (MM) 
0 .  001 -1 . 0  

> 1 . 0  

4 )  a .  Fi ne-grai ned basa l t composed of pyroxene , p l ag i ocl ase and i l meni te .  

b .  Coarse-grai ned bas a l t  composed of  pyroxene ,  p l agi ocl ase and i lmen i te .  

c .  Crystal aggragate composed of pyroxene and p l ag i ocl ase w i th some 
g l ass i n  the matri x .  

d .  Coarse-grai ned basal t composed of pyroxene , p l agi ocl ase and i l meni te .  
e .  Fine-grai ned basal t composed of  pyroxene , pl agi ocl ase and i l meni te .  



TYPE 

Yel l ow-Oran9e5 

Red-Orange6 

1 0059 

GLASS CLASTS 4% OF ROCK 

RELAT I VE ABUNDANCE SHAPE 

Very abundant Angu l ar to spheri cal 

Abundant Spher ical to angul ar 

265 

S I ZE (MM) 
0 . 001 -0 . 4  

0 . 001 -0 . 3  

5 )  Most ly a:ngu l ar shards onl y  a few part spheres . 
6 )  Mos tly spheres , broken spheres wi th occasi onal angul ar pi eces . 

H I STORY AND PRESENT STATUS OF SAMPLES - 6/24/76 

1 0059 was removed from the Bu l k Sampl e contai ner ( ALSRC #1 003 ) i n  the B i o
Prep Lab . I t  was then transferred to PCTL where i t  was sp l i t  for PET 
analysi s .  I t  was then sent to SPL where i t  was wi resawed and a l l ocated . 
The sampl e was des cri bed i n  SSPL duri ng the Apol l o  1 1  re-exami nati on .  

P RI STI NE  SAMPLES : (Al l BP-PCTL-SPL-SSPL) 

1 1 0 . 21 gm 

82 24 . 52 gm 

83 1 2 . 77 gm 

84 6 . 22 gm 

RETURN E D  SAI"'PLES : 

8 

1 0  

24 

63 

9004 

1 3 . 34 gm 

4 . 40 gm 

1 4 . 25 gm 

1 1 . 62 gm 

1 4 . 25 gm 

Chi p .  One pi tted surface . 

Ch i ps and fi nes . 

Chi p .  One pi tted surface . 
Ch i p .  One p i tted surface . 

Ch i ps and coarse fi nes . Three l argest ch ips 
have one p i tted surface each . 

Chi p .  l . Oxl . 5x2 . 0  em . Two pi tted surfaces . 

Chi p .  One sawed surface . No  p i ts .  

Ch i p .  2 . 5x2. 0x2 . 0  em . Two s awed and one 
pi tted surface . Thi s  samp l e  conta i ns one 
sma l l  brecci a ch i p  that does not bel ong wi th 
th i s  generi c .  

Ch i ps .  One chi p ( 2 . 0x2 . 0x l . Ocm ) has two 
sawed and two pi tted su rfaces . Another ch i p  
( l . Oxl . Ox l . Ocm) has 1 sawed and 1 p i tted 
surface . 
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CHEM ICAL ANALYSES 

Number of 
El ement Anal yses Mean Uni ts Range 

S i 02 3 41 . 87 PCT 1 . 54 
Al 203 5 1 2 . 56 PCT . 85 

T i 02 3 8 . 1 9  PCT . 584 

FeO 3 1 7 . 09 PCT 1 . 87 
MnO 5 . 220 PCT . 071 

MgO 3 8 . 46 PCT 1 . 1 6  

CaO 4 1 1  . 82 PCT 1 . 54 

Na20 5 . 486 PCT . 046 

K20 4 . 1 8  PCT . 031 

Li 2 1 2 . 95 PPM 1 . 9 

Rb 5 3 . 54 PPM 1 . 2 

Cs 2 . 1 23 PPM . 006 

Be 1 .  70 PPM 0 

Sr 3 1 47 . 7  PPM 43 . 1  

Ba 5 2 1 0 . 8  PPM 45 . 0  

Sc 4 65 . 65 PPM 6 . 9  

v 4 62 . 75 PPM 30 . 0  

Cr20 3 4 . 31 7 PCT . 070 

Co 3 36 . 0  PPM 8 . 0  

N i  2 261 . PPM 78 . 0  

Cu 2 1 . PPM 0 

Zn 29 . PPM 0 

y 2 1 46 . 0  PPM 88 . 0  

Zr 3 448 . PPM 285 . 0  

Nb 1 1 8 .  PPM 0 

Ag 1 . 009 PPM 0 

Ta 1 1 . 6 PPM 0 

Hf 2 1 3 . 0  PPM 3 . 0  
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CHEMI CAL ANALYSES 

Number of 
El ement Analyses Mean Uni ts Range 

La 4 1 8 . 49 PPM 1 . 1 5  

Ce 2 62 . 5  PPM 7 . 0  

Nd 1 51 . 0  PPM 0 

Sm 4 1 5 . 09 PPM 2 . 25 

Eu 4 2 . 00 PPM . 32 

Tb 2 4 . 1 0  PPM . 8  

Dy 1 25 . 0  PPM 0 

Ho 5 . 5 PPM 0 

Yb 4 1 2 . 41 PPM 3 . 1 5  

Lu 3 1 .  92 PPM . 07 

Th 1 4 . 2 PPM 0 

u 1 . 52 PPM 0 

Ga 1 4 . 6  PPM 0 

0 1 40 . 0  PCT 0 

F 1 90 . 0  PPM 0 

Ana lysts : Ehmann & Morgan ,  ( 1 970 ) ; Wak i ta et al . ,  ( 1 970 ) ; Smal es et al . ,  
( 1 971 ) ;  Gol es et a l . ,  ( 1 970 ) ;  Annel l & Hel z ,  ( 1 970 ) ; Tera et al . ,  ( 1 970 ) ; 
Papanastass i ou et al . ,  ( 1 970 ) ;  Kharkar & Turek i an , ( 1 97 1 ) .  

No Age References 
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1 0060 ,0 
Ori g i na l  PET Photo 

( s -::.§9-46497 ) 

1 0060 , 5  
( S-76-25888) 
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1 0060 

Samp le  1 0060 i s  a rounded to s ub-rounded ,  �edi um dark grey , fi ne nrecci a .  
Th i s  s ampl e  ori g i nal ly wei ghed 722 gm and measured 5 x 5 x 4. 5 em. I t  
was ori g i na l ly returned i n  ALSRC # 1 004  ( Documented Samp l e  Contai ner ) , ,  

B I NOCULAR DESCRI PTIONS 

ROCK TYP E :  F i ne Brecci a 

COLOR : Med. dark grey 

BY : Twede 1 1  

SAMPLE : 1 0060 , 5  

DATE : 5-27- 76 

WEI GHT :  1 1 2  gm 

DIMENSI ONS : 3 . 5  x 4. 3 x 2 . 6  em 

SHAP E :  Rounded to s ub-rounded; angul ar/tabul ar wi th drei kanter appearance 
( PET ) 

COHERENCE : I n tergranul ar - coherent 
Fracturi ng - few - non-penetrati ve; p l anar fractures occur 

para l l el to f lattes t  s i de ( PET ) 

FABRI C/ TEXTURE : Ani s otropi c/Fi ne Brecci a 

VARIAB I L I TY :  Homogeneous 

SURFACE : Smooth on p i tted surface to i rregu l ar on non-pi tted s urfaces ; 
Granul ar ( PET ) .  

ZAP P ITS :  Few on E 1 ,  T1 , N 1 ,  B 1 •  None on any others . P i ts are g l ass  
l i ned ,  up  to 2 ,5  mm in  di ameter. 

CAVITI ES : Absent 

COMPONENT COLOR 

Matri x Med. Dk. Grey 

Basa l t C l ast  Brn/Wht/Bl k 

Whi te C l a st  Whi te 

Brown Cl ast1  Brown 

Grey & Wh i te B l k  & Wht 
Cl ast 

Grey Cl ast2 Grey 

1 )  Crushed proxene 

% OF 
ROCK 

97% 

1 %  
< 1 %  

< 1 %  

< 1 %  

< 1 %  

SHAPE 

Angul ar 

Angul ar 

Angul ar 
Angu l ar 

Angul ar 

S I ZE (MM) 
DOM. RANGE 

2 • 5-5.  

. 9  . 2- . 3  

< .  1 < .  1 - . 2  
< . 1  2 . 1 

< . 1  < , 1  
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2 )  Only one on surface 

SECTION 1 0060 , 49 

THIN  SECTION DESCRI PTION 

Wi dth of fi e l d  2 . 72 mm p l ane l i gh t  

BY : Wal ton DATE:  6-23-76 

SUMMARY : Partly dev i tri f ied typi cal  brecc i a  wi th several l arge c l as ts .  

PHASE --
Dk. Brown 

Phase --
Pyroxene 1 

The matri x appears to be fi l l ed wi th cryptocrystal l i ne materi al  
and shards of the cl asts present. Mi nor vari ati on i n  the amount 
of devi tri fi cati on i s  seen from one part of the secti on to another. 

% Section 

l 00% 

Matri x 57% of Rock 

Shape S i ze (mm) 
< o .  001 

Comments : 

Hi gh gl ass  content wi th 
abundant cryptocrys ta l l i ne 
materi a l .  

Mi neral C l as ts 2 1 %  of Rock 

Rel ati ve Abundance Shape 

Very abundant Ang ul ar to i rregu l ar 

S i ze (mm) 

0 . 00 1-0 . 3 



1 0060 

P l agi ocl ase2 Few 

Opaq ues 3 Few 

B l ocky to i rreg u l ar 

Ske letal  to i rregul ar 

1 )  Poor ext i n cti ons and h i gh l y  fraomented . 
2 ) Poor opti cal characteri s t i cs .  
3 )  Mos t i n c 1 as ts o 

� 
Smal l 

Li thi c Cl asts 1 9% of Rock 

Rel ati ve Abundance Shape 

Very Abundant Rounded  to i rregu lar  

Ei ght present Rounded to i rregu l ar 

0 . 00 1 -0 . 2  

0 . 001 -0. 3 

S i ze (mm) 

o .  001- 1 . 0  

> 1 . 0 

4 ) a .  Coarse-grai ned basal t cons i s ti ng of pyroxene , p l agi ocl ase and 
i lmeni te wi th a g l ass coati ng . 

b .  Coarse-grai ned basa l t  cons i s ti ng o f  pyroxene , p l agi oclase and 
i lmeni te .  

c. Gl ass-ri ch matri x host ing  sma l l  pyroxene and p l ag i oclase 
crys ta 1 1  i tes . 

· 
d .  Random arra� o_f pl agi oclase crysta l s  hosti ng sma l l  euhedra l 

pyroxene/o 1 1 Vwe crys ta 1 s .  

e .  Coarse-grai ned basa l t cons i s ti ng of pyroxene ,  p l ag i oclase and 
i lmeni te .  

f .  F i ne-grai ned bas a l t  composed  o f  pyroxene , p l agi ocl ase and 
i l meni te .  

g .  Crystal aggregati on cons i s ti ng of  pyroxene , p l ag i ocl ase and 
i lmeni te wi th a mi n i mum g l ass phase. 

h.  Fi ne-gra i ned g l ass-ri ch mati rx hosti ng sma l l  mi neral fragments 
and sma l l rock fragments . 

G l ass Cl asts 3% of Rock 

� Rel ati ve Abundance Shape S i ze (mm� 
Ye 1 1  ow-Orange 5 Very abundant Angu l ar to s pheri cal O oOOl -0 . 4  
Red-Orange6 Moderate Angu l ar to spheri cal o. 001 -0. 1 
Col orl ess 7  Present Angu l a r  O .QQ 1 -Qo 5 

2 7 1  
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5 )  Mos tly ang u l ar s hards : few part spheres . 
6 ) Most ly ang u l ar shards ; a few spheri cal masses . 
7 )  Rare : only a few shards . 

Sel ected References : Agre l l  et a l . ( 1 970 ) ,  Cameron ( 1 970 ) .  

H I STORY AND P RESENT STATE O F  SAMPLES - 6/25/76 

1 0060 was removed from the Documented Samp le  contai ner and sp l i t  i n  the 
Vac Lab . A 2 gm. samp l e  was sent to P CTL for P ET analys i s .  A 582 gm. 
pi ece was transferred to the B io  Prep Lab for preparati on of a 479 gm 
di sp l ay s amp l e .  Rema i n i ng pri sti ne s amp l es were re-exami ned i n  SSPL. 

P RISTI NE SAMPLES ( a l l VAC-BP-SSPL )  

5 1 1 2 .  gm 

42 2 . 30 gm 

47 2 . 56 gm 

48 l .  90 gm 

RETURNED  SAMPLES 

38 

46 

El ement 

S i 02 

Al 203  

Ti 02 

FeD 

MnO 

MgO 

28. 52 gm 

4 . 99 gm 

Number of 
Ana l.z:ses 

7 

9 

8 

8 

7 

7 

P i e ce .  Few p i ts on  four surfaces . See b i nocu l a r  
descri pti on. 

Chi p . 1 . 4 x 1 . 2  x 1 . 0  em. No pi ts or pati na .  

F i nes . 

F i nes . 

Chi p .  P i tted o n  two surfaces .  

Three Chi ps . Largest chi p i s  p i tted on one s urface .  

CHEMICAL ANALYSES 

Mean Uni ts Range 

42 . 1 7  PCT 4 . 8  
1 1 . 43 PCT 2 . 02 

8 . 65 PCT 1 . 48 
1 7 . 1 0  PCT 2 .  72 

. 2 1 1 PCT . 057 

8 .  01 PCT 2 . 43 
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CHEMICAL ANALYSES 

Number of 
E l ement Ana lyses Mean Uni ts Range 

CaO 6 1 2 . 62 PCT 4 . 1 9  

Na20 7 . 484 PCT . 054 

K20 6 . 1 88 PCT . 045 

P20 s 2 . 1 04 PCT . 068 

H 22 . 0  PPM 0 

L i  2 8 . 7  PPM 3 . 40 

Rb 4 4 . 33 PPM 1 . 00 

Cs 2 . 1 95 PPM . 01 

Be 3 . 00 PPM 0 

Sr 4 1 72 . 75 PPM 1 6 . 0  

Ba 5 21 5 . 6  PPM 88 . 0  

Sc 5 66 . 9  PPM 9 . 50 

v 4 66 . 0  PPM 36 . 0  

Cr203 7 . 31 4  PCT . 1 43 

Co 6 29 . 92 PPM 4 . 60 

N i  3 1 29 . 74 PPM 91 . 99 

Cu 3 8 . 7  PPM 5 . 00 

Zn 3 27 . 33 PPM 5 . 00 

y 2 1 68 . 5 PPM 83 . 0  

Zr 5 434 . 82 PPM 635 . 0  

Nb 2 30 . 5  PPM 29 . 00 

Mo . 7  PPM 0 

Pd . 006 PPM 0 

Ag . Ol PPM 0 

Cd  . 3  PPM 0 

Ta 4 1 . 86 PPM . 4  

w l . 35 PPM 0 

Hf 5 1 2 . 79 PPM 2 . 0  
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CHEMICAL ANALYSES 

Number of 
El ement Ana lyses Mean Un its Range 

I r  5 . 40 PPB 0 

Au 1 . 40 PPB 0 

La 7 20. 67 PPM 7 . 3  

Ce 7 59. 36 P PM 6 . 0  

Pr 1 1 3 . 0  PPM 0 

Nd 4 55 . 75 PPM 37 . 00 

Sm 7 1 6 . 69 PPM 1 0 . 2  

Eu 7 2 . 00 PPM . 99 

Gd 2 26 . 00 PPM 4 . 0  

Tb 6 4 . 23 PPM 3 . 1 1  

Dy 5 2 7 . 84 PPM 1 9 . 3  

Ho 5 6 . 56 PPM 5 . 20 

Er  3 20. 1 7  PPM 1 5 . 5  

Tm 1 1 . 8 PPM 0 

Yb 7 1 4 . 1 3  PPM 1 1 . 1  

Lu 7 l .  91 PPM . 73 

Th 2 2 .  51 PPM . 97 6  

u 4 . 586 PPM . 1 53 

B 3 . 0  PPM 0 

Ga 3 5 . 0  PPM . 5  

I n  3 . 7 1 1 PPM l .  1 0  

c 1 35 . 0  PPM 0 

Ge 3 . 68 PPM l .  1 6  

Pb 2 2 . 43 PPM 1 . 1 4  

N 20 . 0  PPM 0 

As 2 . 05 PPM . 08 

Sb . 005 PPM 0 
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CHEM ICAL ANALYSES 

Number of 
E l ement Analyses Mean  Un its  Range 

0 3 41 . 0  PCT 1 . 1 0  

s 2 . 1 3 1 PCT . 038 

Se . 9  PPM 0 

F 80 . 0  PPM 0 

Cl  1 5 . 5 PPM 0 

Br . 3  PPM 0 

Ana lysts : Agre!l l et a l . ,  ( 1 970 } ;  Ehmann & Morgan ,  ( 1 970 } ;  Gal es et a l . ,  
( 1 970 } ; Morri son et a l . ,  ( 1 970 } ;  Rose et a l . ,  ( 1 970 } ; Wan ke et a l . ,  ( 1 970} ; 
Smales  et a l . ,  ( 1 971 } ;  Sma l es et a l . ,  ( 1 970 } ; Phi l potts & Schnetzl er ,  
( 1 970} ; Fri edman et a l . ,  ( 1 970 } ; Brown et a l . ,  ( 1 970 } ; Wa sson & Baedecker 
( 1 970 ) ; Has k i n  et a l . ,  ( 1 970 } ; Kapl an  et a l . ,  ( 1 970 ) .  

Age References : Si l ver ( 1 970 }  
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_/ 

1 006 1 ,0 
Ori g i nal PET Photo t 

( S-69-46506 ) 2 em 

1 0061 , 1 8 , 41 , 43 , 1 31 
( S-75-34230 ) 
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1 0061 

Sampl e 1 0061 i s  a sub-angul ar ,  med i um grey , fine brecc i a .  Thi s sampl e 
ori g i na l ly wei ghed 346gm and measured 9x8 . 5x8. 7cm. It was returned i n  
ALSRC # 1 004 ( Documented Sampl e conta i ner ) . 

B INOCULAR DESCR I PT ION 

ROCK TYPE : F i ne Brecc i a  

BY : Kramer 

SAMPLE : 1 0061 , 1 8  

DATE : 6/24/76 

WEIGHT : 82 gm 

COLOR : Med i urn grey 

SHAPE : Sub-angul ar 

D IMENS IONS : 5 . 8  x 3 . 5  x 2 em 

COHERENCE : Intergranu l ar  - fri abl e (granul ated ) 
Fracturing - absent 

FABRI C/TEXTURE : Ani sotropic/Fi ne Brecc i a  

VARIABI L ITY : Homogeneous 

SURFACE : Granu l a ted 

ZAP P ITS : Few - T t  

CAV I T I ES : Absent 

COMPONENT 

Matri x 

Sa l t  & Pepper 
Cl ast 

Basa l t Cl ast  

Grey & Whi te 
Cl ast 

Wh i te C l ast  

% OF 
COLOR ROCK 

Med . Grey 90 

Bl k/Wh < 1  

Med . Grey 2 

Grey/Wh 3 

Whi te 5 

SHAPE 

Angul ar 

Sub-angul ar 

Sub-rounded 

Angu lar  

S IZE (MM) 
DOM . RANGE 

1 . 5 0 . 05-2 . 0  

2 .  0 . 05 -3 . 0  

0 . 5 0 . 0 1 -7 . 0 

0 . 5  0 . 0 1 - 1 . 
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SECTION : 1 0061 ,28 

TH IN  SECTION DESCRIPTION 

1 0061 

Wi dth of f iel d 2 . 72mm pl ane l i ght 

BY :  Wal ton DATE : 6/24/76 

SUMMARY : Partly devi tri fied brecci a  w i th a pronounced change i n  the 
matri x from one part of the section to another . Approxi mate ly  
one hal f of the section has a nearl y  col orl ess t o  p a l e  brown 
gl ass -ri ch phase , whi l e  the other ha l f  has the more usual dark 
brown nearly opaque phas e .  

PHASE 

Col orless to 
pal e  brown 

Dark brown 

% SECTION 

50 

50 

MATRIX 60% OF ROCK 

SHAPE S IZE (MM }  

<0 . 001 

<0 . 001 

COMMENTS : 

H i gh gl as s  con
tent p 1 us numer
ous smal l crystal -
1 i tes ; trans 1 u
cent to  trans
parent . 

H i g h  g l ass con
tent ; typi cal  
brecc i a  matri x .  



1 0061 279 

MINERAL CLASTS 1 4% OF ROCK 

PHASE 

Pyroxene 1 

Plagi ocl ase2 

Opaques 3 

RELATIVE ABUNDANCE SHAPE 

Very abundant Angu 1 a r to· i rregu 1 ar 
Few B l ocky to i rregul ar 
Few S kel eta l to i rregul ar  

S IZE (MM ) 
0 . 001 -0 . 4  

0 . 001 -0 . 2  
0 . 001 -0 . 4  

1 )  Mos tly angul ar s hards ; poor opt i cal  characteri st i cs . 
2 )  Bl ocky wi th some twins  sti l l  observabl e .  
3 )  Most i n  cl asts . 

TYPE 

Sma 1 1  

Large4 

L ITH IC CLASTS 1 3% OF ROCK  

RELATIVE ABUNDANCE  SHAPE 

Very abundant Rounded to i rregul ar 

Four present Rounded to i rregul ar 

S I ZE (MM ) 
0 . 001 - 1 . 0  

> 1 . 0 

4 )  a .  Coarse--gra i ned basal t con s i s t i ng of pyroxene , p l ag iocl ase and 
i l men i te .  

TYPE 

b .  Random array of plagi ocl ase crystal s hos ti nq smal l anhedral 
pyroxene/ol i v i ne crystal s .  

c .  Fi ne-gra i ned bas a l t  cons i st i ng of pyroxene , pl ag ioc l ase and 
i lmeni te . 

d .  Fi ne-g t·ai ned basal t cons i st i ng of  pyroxene ,  p l agi oc l ase  and 
i l men ite .  

GLASS CLASTS 6% OF ROCK 

RELAT IVE ABUNDANCE SHAPE 

Ye l l ow-Oranges 

Brown-Ye 1 1  ow6 
Col or l ess 7 

Very abundant Angul a r  to spheri cal 

One present Spheri cal  

Few Angu l ar 

S IZE ( MM ) 
0 . 001 -0 . 5  

0 . 5  

0 . 00 1 - 0 . 4  

5 )  Mos tly angu lar shards , some part spheres . 
6 )  Two immi sc i bl e  gl asses i n  a s i ngl e drop l e t .  
7 )  Al l shards ,, some w i th bubb 1 es . 
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Sel ected References : Kei l et al . ( 1 970)  

HI STORY AND PRESENT STATUS OF SAMPLES - 6/24/76 

1 0061 was removed from the Documented Sampl e  con ta i ner (ALSRC # 1 004) and 
spl i t  i n  the Vac Lab . Some l oose chi ps  were sent to PCTL for PET analysi s .  
Sampl e  was spl i t  and a l l ocated i n  SPL .. Rema i ni ng pri s t i ne sampl es were 
re-exami ned i n  SSPL. 

PRISTINE SAMPLES : 

2 

1 8  

41 

43 

44 

48 

1 28 

1 29 

1 30 

1 31 

1 32 

6 . 08 gm 

81 . 76 gm 

30 . 1 8  gm 

23. 7 1  gm 

1 7 . 62 gm 

1 2 . 73 gm 

1 3 . 54 gm 

8 . 69 gm 

1 4 . 1 1  gm 

20 . 1 3  gm 

5 .  72 gm 

RETURNED SAMPLES : 
42 1 1 . 20 gm 
50 4 . 89 gm 

76 5 . 32 gm 

Chi ps and fi ne s .  Largest ch i p  i s  l es s  than l gm .  
VAC-PCTL-SSPL 

Large p iece . P i tti ng on T 1 •  VAC-SPL-SSPL 

Large angu l ar p i ece . No p i tt i ng observed . 
VAC-SPL -SSPL-RCL-SSPL 

Large pi ece wi th some pi tti ng on N 1 •  
VAC-SPL-SSPL 

Large p i ece w i th some p i tt i ng on T 1 • 
VAC-SPL-SSPL 

Chi ps and f i ne s .  No ch i ps are l arger than 0 . 25gm . 
VAC-SPL-SSPL 

Large chi p .  No p i ts .  VAC-SPL-SSPL 

Chi ps and fi nes . Largest chips are l ess than 
0 . 5gm . VAC-S PL-SSPL 

Three chi ps .  Al l have some exterior surface , 
but no p i ts were observed.  VAC-SPL-SSPL 

Surface p iece . B 1  i s  p i tted . VAC-SPL-SSPL 

Three i nterior chi ps . Largest i s  3 . 58gm . 
VAC-SPL-SSPL 

Chi p .  No pi ts observed .  

Chi p .  No  p i ts observed . 

Chi p .  No p i ts observed .  
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CHEMICAL ANALYSES 

Number of 
El ement Ana lyses Mean Un i ts Range 

S i02 2 41 0 1 5  PCT 1 . 44 

Al 203 4 1 3 . 1 0  PCT l .  1 7  

T i02 3 8 .  1 7  PCT 2 . 00 

FeO 2 1 6 . 35 PCT 0 2 

MnO 3 . 2 1 4  PCT . 048 

MgO 2 8 . 8  PCT l .  95 

CaO 2 1 1  0 30 PCT 1 . 33 

Na20 3 . 487 PCT . 042 

K20 1 0 1 8  PCT 0 

P20 s 1 0 1 4  PCT 0 

H 2 1 . 95 CC/G 1 . 1 

Li 2 7 . 5  PPM 7 . 0  

Rb 3 3 .  70 PPM . 59 

Cs 0 1 46 PPM 0 

Be 1 2 . 40 PPM 0 

Sr 2 1 48 . 05 PPM 36 . 1  

Ba 3 21 9 . 33 PPM 1 42 . 0  

Sc 2 63 . 3  PPM 7 . 4  

v 3 58 . 0  PPM 46 . 0  

Cr203 3 . 32 2  PCT 0 1 1 7  

Co 4 31 . 48 PPM 1 2 . 0  

Ni 2 205 . 5  PPM 71 . 0  

Cu 3 21 . 0  PPM 9 . 0  

Zn 3 31 . 07 PPM 1 0 . 0  

y 2 1 05 . 5  PPM 5 . 0  

Zr 3 325 . 0  PPM 1 53 . 0  

Nb 3 28 . 33 PPM 26 . 0  

Pd 1 7 . 00 PPB 0 
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CHEM ICAL ANALYSES 

Number of 
E l ement Analyses Mean Uni ts Range 

Ag 0 1 63 PPM 0 

Cd 1 0 1 06 PPM 0 

Hf 1 1 3  o l  0 PPM 0 

I r  1 9 0 1 8  PPB 0 

Au 1 3 o 42 PPB 0 

Hg 1 20 0  PPB 0 

La 3 1 9 0 27 PPM 6 o 20 

Ce 2 42 0 6  PPM 1 1 . 6 

Pr 1 5 o 00 PPM 0 

Nd 200 PPM 0 

Sm 1 3  0 2 PPM 0 

Eu 1 l .  78 PPM 0 

Tb 1 3 0 40 PPM 0 

Ho 3 o 7  PPM 0 

Yb  1 1 3  0 1 PPM 0 

Lu 1 l .  94 PPM 0 

Th 3 2 o 60 PPM 0 

u 3 o 638 PPM 0 

Ga 3 5 o 33 PPM 0 

Ln 1 1 . 43 PPM 0 

Tl  1 2 0 70 PPB 0 

c 2 22l o 5  PPM 81 . 0  

Pb 1 l .  74 PPM 0 

Bi  1 2 o 79 PPB 0 

0 41 o 70 PCT 0 

s 1 o 1 50 PCT 0 

Te o 07 3  PPM 0 
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CHEM ICAL ANALYSES 

Number of 
El ement Ana l yses Mean Uni ts Range 

F 1 342 . 0  PPM 0 
Cl 1 7 . 54 PPM 0 
Br 2 . 253  PPM . 01 4  

Ana l ysts : Compston et al . ,  ( 1 970 ) ; Ehmann & Morgan , ( 1 970 ) ; Ganapathy 
et a l . ,  ( 1 970 ) ; Gol es et a l . ,  ( 1 970 ) ;  Annel l & Hel z ,  ( 1 970 ) ; D ' amico 
et a l . ,  ( 1 970 ) ;  Reed & Jovanov i c , ( 1 970 ) ;  Morri son et a l . ,  ( 1 970) ; 
Herzog & Herman , ( 1 970 ) ; Tatsumoto , ( 1 970 ) ; Epste in  & Tayl or,  ( 1 970 ) ; 
Epste i n  & Tayl or , ( 1 971 ) .  

Age References : Tats umoto ( 1 970 ) .  

��- -�-- --
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1 0062 

Sampl e  1 0062 i s  a sub-angu l ar , dark grey , o l i v i ne basal t .  Thi s  samp l e  
ori g i na l ly wei ghed 79gm and measured 7x6x2 em . I t  was orig inal ly  
returned i n  ALSRC # 1 004 ( Documented Sampl e conta i ner ) . 

B I NOCULAR DESCRIPT ION B Y : Kramer DATE :  l / 27 /76 

ROCK TYPE : Ol i vi ne basal t SAMPLE : 1 0062 , 1 3  WE IGHT : 25 . 38 gm 

COLOR: Dark grey DIMENSIONS : 4 x 2 , 5  x 1 , 7 em 

SHAPE :  Sub-angul ar (broken ) 
COHERENCE : I ntergranu l ar - coherent 

Fracturi ng - absent ; few ( P ET ) 
FABRI C/TEXTURE : Isotrop ic/Equi granu l ar 

VARIAB IL ITY : Homogeneous 

SURFACE : T1 i rregul ar ;  rough ( P ET ) 
B 1  (fresh ) i rregul ar ;  rough ( PET) 

ZAP PITS : Few on T 1 , none on other s .  P i ts are gl ass l i ned , u p  to l mm i n  
d i ameter .  

CAV ITIES : Ves i cl es cover 1 0% o f  surface . 

Pyroxene 

I l meni te 

Ol i v i ne 

0. 3 <0 . 5  

0 . 1  0 . 01 -0 . 3  

0 . 6  0 . 2-0 . 8  

SPEC IAL FEATURES : Ves i cl es are l i ned wi th primari ly  the same rel ati ve 
quanti ti es of mi nera l s  as  the bul k rock .  



S ECTION : 1 0062 , 39 

THI N  SECTI ON DESCRIPTION 

1 0062 2 8 7  

Width o f  f ie l d :  1 . 39mm pl ane l i ght 

BY : Wa l ton DATE : 5/27/76 

SUMMARY : Fi ne-gra i ned oph i ti c  bas a l t composed of cl i nopyroxene , two 
generat i ons of p l agi oc l ase , two generati ons of i l meni te wi th 
subord i nate o l i vi ne ,  troi l i te , i ron-n i c ke l  and mesostas i s .  The 
pyr·oxene forms l arge anhedra l  crysta l s  wi th l ath- l i ke to anhe
dral crys tal s  of i l meni te i n  a conti nuous network . Interst i t i a l  
to thes e  phases are subhedral to anhedra l  crysta l s  of p lag ioc l ase 
with  m i nor g l as s-ri ch mesostas i s .  I so l ated wi thi n the network 
are anhedral crystal s of o l i vi ne .  

PHASE % OF SECT ION SHAPE S IZE {MM) 
Pyrox 45 Anhedra l 0 . 01 -0 . 8  
Pl ag 33 Tabul ar to anhedra l  0 . 08-0 . 8  
Ol i v  4 B l ocky , anhedra l 0 . 001 -0 . 3  
Opaq 1 6  Lath- l i ke to anhedra 1 0 . 05- 1 . 0  
Meso 2 I rregu l a r  0 .  001 -0 . 1  
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COMMENTS : 

Pyroxene - P i nk i sh  tan to l i g ht brown anhedral crystal s of cl i nopyroxene 
together wi th the i l meni te crystal s  form an a lmost conti nuous array 
host ing  the other phases present . The crysta l s of pyroxene show l i tt l e  
cl eavage pattern and a lmost no suggestion o f  crystal faces . Occa
s i onal  feathery masses occur between p l agi ocl ase crystal s .  Most  of 
the exti ncti ons are i rregu l ar to patchy. 

P l agiocl ase - Sma l l subhedral crystal s of pl agiocl ase occur i n  the 
secti on associ ated with l arger anhedral masses of pl agi ocl ase . 
The anhedral crysta l s form i nterst i ti al voi d fi l l i ngs i n  the 
pyroxene-i l meni te network . Many of the l arger crysta l s are somewhat  
s ke l etal i n  devel opment .  The smal l er crysta l s s how sharp to mode
rate twi n  p l anes whi l e  the l arger crystal s show l i tt le  to none . 

Ol i �i ne  - Sma l l to l arge b l ocky anhedral crysta l masses of o l i vi ne are 
scattered throughout the secti on . Al l are fresh crystal s  wi th smal l 
pyroxene rims . Several of the crysta l s  occur as smal l cores i n  some 
of the pyroxene crys tal s .  

Mesos tas i s  - Sma l l  amounts of an a lmost co l orl ess to s l i ghtly browni sh 
g l ass -ri ch mesos tas i s  phase occurs usual ly  between the pl agi ocl ase 
crys tal s  and the adjacent pyroxene crysta l s .  No phases were deter
mi ned and the amounts were smal l .  

Opaques - The opaque phases represented i n  the section are i l meni te 
and troi l i te-i ron n i ckel . Carter ,  J . L .  and MacGregor , I . D .  ( 1 970 )  
have reported armal col i te and chromian u l vospi nel from th i s  rock . 
Ne i ther of these phases were seen i n  thi s  i nvestigati o n .  

Two generati ons of i l men i te are present i n  the sect ion .  The crystal s 
occur  as sma l l l ath -l i ke crystal secti ons and al so as l arge somewhat 
ske l etal anhedral crystal s .  Both types occur in nearly equa l  a 
mounts . Some ruti l e  and chromi te exsol uti ons are present i n  the 
l arger crysta l s .  

Sma l l masses of troi l i te-i ron ni ckel are present, but are rather 
sparse . A few masses of just troi l i te are al so present. 

TEXTURE : I nterl ocking anhedral crysta l s  of pyroxene i ntergrown wi th two 
generati ons of i l meni te and two generations of pl ag i ocl ase crystal s 
i n  an oph it ic  texture . Intersti ti al to thi s network are mas ses of 
pl agi ocl ase and mesostas i s .  

Sel ected References : Carter and MacGregor ( 1 970 )  
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H I STORY AND PRESENT STATUS OF SAMPLES - 5/27/76 

1 0062 was removed from the Documented Samp 1 e conta i ner ( ALSRC #1 004 ) and 
sp l i t  i n  the Vac Lab . A l Ogm ch i p  was sent to PCTL for PET analys i s .  Re
mai ni ng pri s ti ne samp l es were re-exami ned i n  SSP L .  

P RI STI NE  SAMPLES : (Al l VAC-SSPL)  

1 4  1 . 67 gm 

1 3  25 . 33 gm 

RETURNED  SAMPLES : 

33 8 . 1 3  gm 

Number of 
El ement Ana lyses 

S i 02 3 

Al 203 4 

T i 02 5 
FeO 5 
MnO 5 
MgO 2 
CaD 4 
Na20 6 
K2 0  6 
P20s 

Rb 3 

Chi ps and fi nes . Largest chi p has 1 p i tted sur
face . Remai nder of chi ps have 1 or no pi tted 
su rfaces . No sawed su rfaces on any c h i ps .  

Largest ch i p  i s  descri bed i n  b i nocu l ar descri pti on .  
Next l argest chi p has 2 pi tted surfaces . Remai nder 
of ch i ps have no p itted surfaces . 

Ch i p . Two pi tted surfaces . Some ch i sel marks . 
Other su rfaces are fresh . 

CHEt4I CAL ANALYSES 

Mean Un its Range 

39 . 04 PCT 1 . 29 
1 0 . 44 PCT 2 . 09 

l 0 . 1 0  PCT 4 . 75 
1 8 . 05 PCT 3 . 86 

. 251 PCT . 1 05 
7 . 1 4 PCT . 1 3  

1 2 . 02 PCT 1 . 54 
. 41 6  PCT . 042 

. 070 PCT . 062 

. 1 2  PCT 0 

. 844 PPM . 08 
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CHEMICAL ANALYSES 

Number of  
E l ement Analyses Mean Uni ts Range 

Cs . 032 PPM 0 

Sr 3 1 93 . 4  PPM 6 . 5  

Ba 3 1 68 . 0  PPM 96 . 0 
Sc 3 78 . 9  PPM 1 1 . 3  
v 7 5 . 0 PPM 0 
Cr20 3 4 . 227  PCT . 059 
Co 3 1 3 . 27 PPM . 8  

N i  l 1 5 . 01 PPM 0 
Cu 1 4 . 0  PPM 0 
y 1 1 03 . 0  PPM 0 

Zr 2 304 . 5  PPM 29 . 
Mo . 1 6  PPM 0 
Ag . 071 PPM 0 
Ta 3 1 . 5 PPM . 8  
Hf 3 1 1 . 23 PPM 1 . 9 

Au l . 006 PPM 0 

La 4 1 2 . 9 PPM 3 . 0  
Ce 5 41 . 72 PPM 1 0 . 4  

Nd 2 38 . 7  PPM 2 . 4  

Sm 5 1 1 . 7 5 PPM 6 . 0  

Eu 5 2 . 04 PPM . 4  

Gd 2 1 8 .  1 5  PPM . 1 
Tb 1 3 . 3  PPM 0 
Dy 4 2 1 . 9  PPM 4 . 2  

Ho l 4 . 4  PPM 0 

Er 2 1 2 . 3  PPM 1 . 0 
Yb 5 1 0 . 24 PPM 7 . 2  

Lu 5 1 . 6 PPM 1 . 07 
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CHEMICAL ANALYSES 

Number of 
El ement Anallses Mean Un its  Range 

Th 1 . 9  P Pt-1 0 
u 3 . 267 PPM . 03 

Ga 1 3 . 0  PPM 0 
As 1 . 05 PPM 0 

0 38 . 0  PCT 0 

s . 1 6  PCT 0 

Se . 2 3  P PM 0 

Ana lysts : Compston et a l . ,  ( 1 970 ) ; Ehmann & Morgan , ( 1 970 ); Rose et a l . ,  
( 1 970 ) ;  Gol es et  a l . ,  { 1 970 ) ; Turekian & Kharkar , { 1 970 ) ; Kharkar & 
Tureki an ,  ( 1 97 1 ) ;  Gast et a l . ,  ( 1 970 ) ; Ph i l potts & Schnetz l er ,  ( 1 970 ) . 

Age References : Turner ( 1 970 ) ;  Eberhardt ( 1 97 l b ) . 
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1 0063 

Sampl e  1 0063 is a sub-angu l ar ,  dark grey , brecci a .  Th i s  sampl e ori gi nal l y  
wei ghed l 48grn and measured 7x6 . 5x3 . 5cm. I t  �'as ori gi nal l y  returned i n  ALSRC 
#1 004 ( Documented Samp l e  contai ner) . 

B INOCULAR DES CRI PTI ON BY : Kramer DATE : 8/1 2/75 

WEIGHT : 1 28 gm ROCK TYPE : B recci a SAMPLE : l 0063 , l 

COLOR : Dark grey ( fresh and exposed) 

SHAPE : Subangu l ar ;  subrounded ( PET) 

COHERENCE : I ntergranul ar - coherent 

DIMENS I ONS : 7 . 5  x 5 . 7  x 3 em 

Fracturi ng - one penetrati ve set paral l e l  to T 1 -B 1 .  One 
penetrative fracture paral l e l  to E 1 -W 1 •  

FAB RI C/TEXTURE : An i sotropi c/B recci a 

VARIABI L ITY : Large ( 3cm) basal t cl ast on one face 

S URFACE : Hackly 

ZAP PITS : Many pi ts on al l faces except part of S 1 •  P its  are g l ass l i ned , 
up to 3mm i n  di ameter . 

CAVITI E S :  Absent 

% OF S IZE ( MM)  
COMPONENT COLOR ROCK SHAPE DOM . RANGE 

Matrix Dark Grey 80 Aphan iti c 

Whi te Cl ast Whi te 1 0  Angu l ar to sub rounded < . 01 -3 

Basa l t C last  L i ght  Grey 5 Sub rounded 1 0  . l -30 

Grey Cl as t Med . Grey Sub rounded . 5-l . 5 

Green C last  Appl e Green <l Angul ar . 5- l  0 

Brown C last  Honey Brown < l  Rounded 3 l -1 5 
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SECTI ON : 1 0063 , 1 7  

TH IN SECTION DESCRI PTI ON 

1 0063 

W idth of fi el d 1 . 39mm pl ane l i ght  

BY : Wa l ton DATE : 6/24/76 

SUMMARY : Partl y devi tri fi ed typ i ca l  brecc i a  wi th a rel ati vely h i gh g l ass 
cl ast content .  Very few spheri cal g l ass cl asts are present. 
Almost al l the g l ass i s  as fractured shards wi th m i nor dev i tri 
fi cati on . 

PHASE 

Dark Brown 

% SECTI ON 

1 00 

MATRI X 53% OF ROCK 

SHAPE S I ZE ( MM) 

<0 . 00 1  

COMMENTS : 

H i gh gl ass 
content ; many 
smal l crystal -
1 i tes . 
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M INERAL CLASTS 20% OF ROCK 

PHASE  RELATI VE ABUNDANCE SHAPE 

Pyroxene1 Very abundant B l ocky to i rregu l ar 

Pl agi ocl ase2 Moderate B l ocky to i rregu l ar 

Opaques 3 Few S ke l etal to i rregu l ar 

l )  Mostl y as angu l ar sh ards ; poor opti cal  characteri st ics . 
2 )  Mostly shocked wi th few sh arp twi n p l anes . 
3) Several l arge i n  matri x ;  many i n  c l a sts . 

TYPE  

Sma l l  

Large4 

LI TH I C  CLASTS 20% OF ROCK 

RELATI VE ABUNDANCE 

Very abundant 
S i x  present 

SHAPE 

Rounded to i rregu l ar 
Rounded to i rregu l ar 

2 9 5  

S I ZE ( MM) 

0 . 001 -0 . 4  

0 . 001 -0 . 2  

0 . 001 -0 . 4  

S I ZE (M�1 ) 

0 .  00 1 - l . 0 
> l . O  

4 )  a .  

b .  

Fi ne-qrai ned i ntersertal basal t wi th sma l l euhedra l  pyroxene and 
l arger· pl agi ocl ase crystal s .  

c .  

d .  

e .  

f .  

Fi ne-9rai ned bas a l t  cons i st i ng of  pyroxene , pl agi ocl ase and 
i l men i te .  
Coarse-gra i ned basal t cons i s ti ng of pyroxene , pl agi ocl ase and 
i l meni te .  
Coarse -gra i ned basa l t  cons i s t i n g  of pyroxene , pl agi ocl ase and 
i l men i te .  
Fi ne-gra i ned basa l t cons i s ti ng of pyroxene , pl agi ocl ase and 
i l meni te .  
Fi ne-grai ned basa l t cons i s ti ng of pyroxene , pl agi ocl ase and 
i lmen i te .  

GLASS CLASTS 7 %  OF  ROCK 

TYPE RELAT I VE ABUNDANCE SHAPE S I ZE ( MM) 

0 . 001 -0 . 2  

0 . 001 -0 . 5  

Yel l ow-Orange 5 Very abu ndant 

Col orl ess6  Moderate 

Angu l ar to spheri cal 

Angu l ar 

5)  Very few spheres or part spheres ; some devi tr i fi cati on . 
6 )  Several l arge fragments ; some devi tri fi cat ion .  
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H I STORY AND PRESENT STATUS OF SAMPLES - 6/24/76 

1 0063 was removed from the Documented Sampl e contai ner ( ALSRC #1 004) and spl i t  
i n  the Vac Lab . I t  was l ater re-exami ned and spl it  i n  SSPL . 

PRI STINE SAMPLES : ( Al l VAC-SSPL ) 
1 1 28 . 01 gm Large pi ece . Al l s i des are pi tted . Part of S 1  

i s  fresh . 

1 4  0 . 37 gm One smal l chi p  found when sampl e was opened . 

1 5  9 . 98 gm Ch i p  taken from su bsampl e 1 .  P i tted on T 1 .  

1 6  1 . 42 gm Ch i ps and f i nes . Al l i nteri or. 

NO RETURNED  SAMPLES 

CHEMICAL ANALYSES 

Number of 
E l ement Analyses Mean Units Range 

S i 02 1 43 . 43 PCT 0 

Al 20 3  2 1 3 . 04 PCT 1 .  1 3  

T i 02 1 8 . 841 PCT 0 

FeO 1 1 6 . 85 PCT 0 

MnO 2 . 21 5  PCT . 01 1  

MgO 1 7 . 79 PCT 0 

CaO 1 1 3 . 57 PCT 0 

Na20 1 . 456 PCT 0 

Sc 1 62 . 20 PPM 0 

v 1 90 . 0  PPM 0 

Co 35 . 20 PPM 0 

Cu 1 1 6 . 0  PPM 0 

Zr 490 . 00 PPM 0 
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CHEM ICAL ANALYSES 

N umber of 
El ement Analyses Mean Uni ts Range 

Hf 1 1 3 .  1 0  PPM 0 

La 1 1 6 . 70 PPM 0 

Sm 1 2 . 90 PPM 0 

Eu 1 . 83 PPM 0 

Ho 4 . 70 PPM 0 

Yb 1 1 1 . 0 PPM 0 

Lu 1 1 .  76 PPM 0 

u . 51 PPM 0 

0 4 1 . 90 PCT 0 

Anal ysts : Ehmann & Morgan . ( 1 970 ) ; Gal es et a 1 . •  ( 1 970 ) ; Compston et al . •  

( 1 970 )  

No Age References 
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1 0064 

Sampl e 1 0064 i s  an angu l ar ,  dark to l i ght grey , fi ne brecci a .  Th i s  sampl e 
ori gi nal l y  wei ghed 65gm and measured 6x3x2 . 5cm . It  was ori g i nal l y  returned 
i n  ALSRC # 1 004 ( Documented Sampl e conta i ner ) . 

B I NOCULAR DESCRI PTION 

ROCK TYPE : F i ne B recci a 

BY : Twedel l 

SAMPLE : 1 0064 , 6  

DATE : 1 2/ 1 6/75  

WE IGHT:  5 1  gm 

COLOR : Dark to l i ght  grey 

SHAPE : Angu l ar 

DIMENS I ONS : 5 x 3 . 5  x 2 . 5  em 

COHERENCE : J: n tergranu l ar - moderately coherent 
Fracturi ng - many penetrati ve 

FAB RI C/TEXTURE : I s otrop i c/Fi ne Brecci a 

VARIABI LITY : Homogeneous 

SURFACE : Smooth on exposed (T 1 )  face to angul ar on fresh surface ( B  1 ) .  

ZAP P ITS : Many on T 1 ,  few on S 1 ,  W 1 ,  none on others . Some p i ts on T 1 are 
g l ass l i ned and are up to 3mm i n  s i ze .  

CAVITI ES :  Absent 

% OF S I ZE ( MM)  
COMPONENT COLOR ROCK SHAPE DOM . RANGE 

Matri x Dk . Grey 90 

B asal t Cl as t r�ed . Grey l Subrounded to angu l ar 3 . 0 l . 0-8 . 0  

Grey Cl ast 1 t�ed . Grey 1 Subangu l ar 2 . 0  0 . 5-8 . 0  
Sal t & Peppe l' Lt .  Grey <l Subrounded 1 . 5 1 . 0-2 . 2  

C l as t  

B l ack C last  Dk . Grey l S ub rounded 4 . 0  3 . 0-6 . 0  
Mi neral C l ast2 Whi te to 5 Angul ar to s ubrounded 2 . 0 . 05-2 . 0  

amber 

l ) Sma l l er gra i n  s i ze than basal t cl as t .  
2 )  S i ng l e and compound gra i ns of pyroxene and pl ag i ocl as e .  
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SPECIAL FEATURES : H i gh popu l ati on of gl ass l i ned pi ts i s  an i nteresti ng  
feature of th i s  sampl e .  Th i s  sampl e i s  al so h i gh ly 
fractured , wi th a h igh  % of penetrati ve fractures . 

SECTION : 1 0064 , 25 

TH I N  SECTION DESCRI PTI ON 

W i dth of f ie l d 2 . 72mm pl ane l i ght  

BY : Wal ton DATE : 6/2/76 

SUMMARY : H i gh ly  devi tri fied typi cal brecci a w i th a h i gh g l as s  cl ast content . 

PHASE 

Dark Brown 

Several anorthos i ti c  cl asts are present , whi ch i s  u nusual . Far 
fewer l arge crystal cl asts occur than i n  the typ i cal  brecc i a .  The 
rock i s  a recrystal l i zed brec ci a wi th a h i gh crystal l i ne l i th i c  
cl ast content .  

% SECT ION 

1 00 

MATRIX 32% OF ROCK 

SHAPE S I ZE (MM ) 
<0 . 00 1  

COMMENTS : 

H i gh gl as s content 
with many crypto
crystal l i ne phases . 
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MINERAL CLASTS 29% OF  ROCK 

PHASE RELAT I VE ABUNDANCE SHAPE S I ZE ( MM) 

Cl i nopyroxene 1  Very abundant Angu l ar 

Pl agi ocl ase2 Moderate B l ocky 

Opaques 3 Few Tabul ar to s kel etal 

l )  Most  in the 0 . 001 -0 . l  range . 
2 )  H i gh ly shocked . 
3 )  t1ost i n  cl asts , some shards i n  matri x .  

TYPE 

Smal l 

Large4 

LITH I C  CLASTS 20% OF ROCK 

RELATI VE ABUNDANCE 

Very abundant 

Fou r present 

SHAPE 

Rounded 

Rounded to angu l ar 

0 . 001 -0 . 2  

0 . 05-0 . 2  

S I ZE ( MM) 

0 . 001 -1 . 0  

> 1 . 0  

4 )  a .  Fi ne--grai ned subophi ti c  basa l t  composed of c l i nopyroxene , 
pl agi oc l ase and i l meni te . 

b .  Very fi ne-gra i ned basal t ,  nearly opaque , wi th abundant den
dri t-ic  crystal s .  On ly pyroxene , pl agiocl ase , and i l men i te 
cou l d  be confi rmed , but other phases may be present and are 
j ust too sma l l  for reso l u t i on . 

c .  Medi um-grai ned s ubophi ti c basa l t  composed of cl i nopyroxene , 
pl agi ocl ase and i l meni te .  

d .  Composed o f  a g l ass-ri ch  matri x  hosti ng crysta l l i ne c l asts , 
mi ner·a l fragments and g l ass  shards . Typi cal fi ne-grai ned 
fragment ,  s i mi l ar to the host rock .  

TYPE 

Ye 1 1  ow-Orange5 

Greeni sh 
Ye l l ow/BrownE 
Wh i te to 
Col orl ess 7 
5 )  Majori ty are 
6) Two pi ece!s . 
7 )  Many bubbl es . 

GLASS CLAST 1 9% OF ROCK 

RELATIVE  ABUNDANCE 

Very abundant 
Few 

Moderate 

S HAPE S IZE ( MM )  
Spheri cal to i rregu l ar 0 . 001 - 1 . 8  

I rregu l ar 0 . 2-0 , 5  

I rregu l ar 0 . 2-0 . 6  

spheres , many w ith  bubbl es . 



3 0 2  1 0064 

HI STORY AND PRESENT STATUS OF SAMPLES - 7/1 3/76 

1 0064 was removed from the Documented Sampl e  contai ner (ALSRC #1 004 ) and 
spl i t  i n  the Vac Lab . A 1 . 45gm ch i p  was sent to PCTL for PET ana lys i s .  
Remai n i ng pri st i ne samp l es were re-exami ned and spl i t  i n  SSPL . 

PRISTINE SAMPLES : ( Al l VAC-SSPL ) 
6 37 0 01 gm Pi tted surface p i ece .  Parts of two surfaces 

are fresh .  

1 8  8 . 31 gm P i tted surface p i ece . Three fresh  surfaces 
are present . 

1 9  2 .  01 gm Chi p .  Two surfaces are pi tted . 

22 0 . 26 gm Ch i ps .  Three fresh and one pi tted chi p .  

23 0 . 80 gm Chi ps and fi nes . 

NO RETURNED SAMPLES 

CHEM ICAL ANALYSES 

Number of 
E l ement Analyses Mean Un its Range 

S i 02 41 . 50 PCT 0 

Al 203 2 1 1  0 06 PCT 0 1 9  

Ti 02 1 9 . 34 PCT 0 

FeD 1 1 6 . 47 PCT 0 

MnO 1 . 207 PCT 0 

MgO 7 0 1 3  PCT 0 

CaD 1 1 1  0 96 PCT 0 

Na20 . 492 PCT 0 

Ba 290 . 0  PPM 0 

Sc 1 60 . 5 PPM 0 



1 0064 303 

CHEMICAL ANALYSES 

Number of 
El ement Anal,x:ses Mean Un its Range 

v 1 7 3 . 0  PPM 0 

Co 1 29 . 0  PPM 0 

Zr 1 520 . 00 PPM 0 

Ta 1 1 .  70 PPM 0 

Hf 1 1 3 . 9  PPM 0 

La 1 1 9 . 6 PPM 0 

Ce 1 59 . 0  PPM 0 

Sm 1 1 5 . 50 PPM 0 

Eu 1 . 77 PPM 0 

Tb 3 . 70 PPM 0 

Ho 1 5 . 50 PPM 0 

Yb 1 1 4 . 8  PPM 0 

Lu 1 2 . 46 PPM 0 

u 1 . 65 PPM 0 

0 40 . 50 PCT 0 

Anal ysts : E hmann  & Morgan , ( 1 970 ) ;  Gol e s  et a l . ,  ( 1 970 ) ;  Compston et a1 . ,  
( 1 970) . 

No Age References 
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l 0065 ,U  
Ori gi na l  PET Photo 

( S -69-46623) 

1 0065 , 7  
( S -76-22546 )  
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1 0065 
Sampl e 1 0065 � s  an i rregu l ar ,  medi um dark g rey , m i crobrecc i a .  Thi s sampl e  
ori gi nal ly  wei ghed 347gm and meas ured 8 . 2x7 . 8x5 . 8cm . S amp l e was ori gi na l l y  
returned i n  AL.SRC #1 004 ( Documented Sampl e Contai ner) . 

B I NOCULAR DESCRI PTION 

ROCK TYPE : Mi crobrecci a 

BY : Twede l l  

SAMPLE : 1 0065 , 7  

DATE :  2/23/76 

WE IGHT : 1 47 gm 

COLOR : Medi um dark grey DI MENS I ONS : 6 x 6 . 5  x 5 em 

SHAPE : I rregu l ar;  rounded on u pper s i de ,  fl at on bottom ( PET) . 

COHERENCE : Intergranu l ar  - coherent 
Fracturi ng - few , non -penetrat i ve 

FABRI C/TEXTURE : Ani sotropi c/M icrobrecci a 

VARIAB IL ITY :  Homogeneous 

SURFACE : Smooth on exposed to rough on fresh  surfaces . 
surface . 

S 1 i s  a sawed 

ZAP P ITS :  Many on T 1 ,  N 1  and E 1 •  None on W 1  or B 1 •  P i ts are g l ass 1 i ned , 
rang i ng from <l -2mm . 

CAVITIES : Absent 

% OF  S I ZE ( MM) 
COMPONENT COLOR ROCK SHAPE DOM . RANGE 

Matrix Med . Dk . Grey 98 ------

Grey & Whi te 1 Angu l ar . 2 - . 5  1 . 5- . 2  
Cl as t1 

Whi te Cl as t2 Whi te < l  Angu l ar-s ubrounded . 2- . 3  < .  1 - . 3  

Grey Cl as t3  Dk . Grey < 1 Angu l ar-subrounded . 3 - . 7  1 - . 2  

Sal t & Pepper B l k/Whi te <l Subangu l ar- . 1 - .  3 . 1 - . 5 
Cl ast sub  rounded 

Basal t Cl as t Brown , < 1  Angu l ar-subangu l ar . 2  . 1 - .  3 
B l k/Wh i te 

1 )  50/50 d i stri bution of dark and l i ght  component . C last  has oph i t i c  texture . 
2 ) Crushed p l ag iocl ase . 
3 ) F i ne grai ned equ i granul ar,  submeta l l i c  l us tre . 



3 0 6  

S ECTI ON : 1 0065 , 27 W idth of f ie l d 2 . 72mm pl ane l i ght 

TH I N  S ECTI ON DESCRI PTI ON 

S ECTI ON : 1 0065 , 21 

BY : Wal ton DATE : 6/24/76 

SUM�1ARY : Rel ati ve ly  h i g h ly  devi tri fi ed typi cal brecci a wi th a h i gh mi neral 
cl ast content .  Mu ch of the matri x has undergone some degree of 
devi tri fi cation . 

PHASE 

Dark Brown 

% S ECTI ON 

1 00 

MATRI X 48% OF ROCK 

SHAPE S I ZE (MM) 

<0 . 001 

COMMENTS : 

H i gh g l ass content 
wi th numerous 
crystal l i tes . 



PHASE  

Pyroxene 1 
Pl agi ocl ase2 

Opaques 3 

1 0065 

MINERAL CLASTS 36% OF ROCK 

RELAT I VE ABUNDANCE SHAPE 

Very abundant Angul ar to i rreg u l ar 

Few Bl ocky to i rregu l ar 

Few Angu l ar to i rregul ar 

1 )  H i gh l y  stra i ned ;  h i gh ly  fractured .  
2 )  Poor twi n  p l anes ; u neven exti ncti ons . 
3 )  Few i n  matri x ,  most in  cl asts . 

TYPE 

Smal l 

Large 4 

L ITH I C  CLASTS 1 2% OF ROCK 

RELAT I VE ABUNDANCE SHAPE 

Very abundant Rounded to i rreg u l ar 
F ive present Rounded to i rreg u l ar 
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S I ZE (MM ) 
0 . 001 -0 . 3  
0 .  001 -0 . 1  

0 . 001 -0 . 3  

S I ZE (MM ) 
0 .  001 -1 . 0 

> 1 . 0  

4) a .  
b .  

G l ass --ri ch matri x wi th sma l l  crystal s of pl agi ocl ase and pyroxene . 
Fi ne-gra i ned g l ass -ri ch matri x wi th mi neral fragments and rock 
fragme�nts . 

c .  

d .  

e .  

TYPE 

Coarse-gra i ned basal t consi sti ng of pyroxene ,  pl agi ocl ase and 
i l men i te .  
CoarSE!-grai ned basal t cons i sti ng of pyroxene , p l agi ocl ase and 
i l meni te .  
Random array of pl agi oc l ase crystal s wi th smal l e uhedral crystal s 
of pyr·oxene/ol i v i ne . 

GLASS CLASTS 4% OF ROCK 

RELATI VE ABUNDANCE SHAPE 

Ye 1 1  ow-Orange s 

Col orl ess 6 

Very abundant Angu l ar to spher ical 

Few Angu l ar to spheri cal 

S I ZE (MM ) 
0 . 001 -0 . 8  
0 .  001 -0 . 1  

5 )  Mos tl y  shctrds and bro ken spheri cal masses . 
6 )  A few sphE!res , mostly angu l ar .  

Sel ected  Refer·ences : Dence et a1 . ( 1 970 )  



308 1 0065 

H ISTORY AND PRESENT STATUS OF SAMPLES - 6/24/76 

1 0065 was removed from the Documented Sampl e conta i ner ( ALSRC #1 004) and spl i t  
i n  the Vac Lab . It  was l ater sawed i n  SPL .  Remai ni ng prist i ne samp l es were 
re-examined i n  SSPL .  A l arge pi ece was sent to RCL and returned . 

PRISTINE SAMPLES : ( Al l  VAC-SPL-SSPL)  

7 1 47 . 1 88 gm Pi ece . 6 . 5 x 6 x 5 em . P itted on three surfaces . 
Sawed on one su rface . -RCL-

49 29 . 38 gm P i ece . One sawed surface . Others are pi tted . 

1 1 9  53 . 1 0  gm Large ch i ps and fi nes . Some chi ps have pi tted 
su rfaces . 

RETURNED SAMPLES : 

1 8  5 . 79 gm Chi p .  One pi tted surface . 

30 7 . 08 gm Pi ece . S i x  sawed surfaces . 

39 1 3 . 64 gm Three ch i ps .  Al l have sawed surfaces . Al l have 
one pi tted surface . 

43 7 . 83 gm Fi ve ch i ps . Al l have sawed surfaces . Three have 
one pi tted surface . 

CHEMICAL ANALYSES 

Number of 
E l ement Analyses Mean  Uni ts Range 

S i 02 41 . 29 PCT 0 
Al 203 1 2 . 47 PCT 0 
Ti 02 7 . 84 PCT 0 
FeO 1 6 . 85 PCT 0 
MnO 2 . 224 PCT . 050 



1 0065 3 0 9  

CHEMICAL ANALYSES 

Number of 
E l ement Analyses Mean U n i ts Range 

MgO 8 . 29 PCT 0 

CaD 1 3 . 1 5  PCT 0 

Na20 l . 485 PCT 0 

K20 2 . 1 73 PCT . 008 

L i  1 2 . 00 PPM 0 

Rb 3 3 . 4 1 PPM . 94 

Be l 2 . 2  PPM 0 

Sr 3 1 57 . 83  PPM 0 

Ba 3 226 . 67 PPM 60 . 0  

Sc 2 65 . 8  PPM 6 . 4  

v 2 70 . 5  P PM 27 . 0  

Cr20 3 2 . 3 1 3  PCT . 073 

Co 2 30 . 8  PPM 1 . 60 

Ni 1 69 . 0  PPM 0 

Cu l 1 4 . 0  PPM 0 

Zn l 23 . 0  PPM 0 

y 1 03 . 0  PPM 0 

Zr 390 . 0  PPM 0 

N b  25 . 00 PPM 0 

Ta 2 .  l PPM 0 

Hf l 1 2 .  1 PPM 0 

La 2 1 6 . 9  PPM 1 . 80 

Ce l 63 . 0  PPM 0 

Sm l 1 4 . 60 PPM 0 

Eu l 1 . 7 3  PPM 0 

Tb l 4 . 0  P PM 0 

Ho 6 . 7  PPM 0 

Yb 1 4 . 5  PPM 0 



310  1 0065 

CHEMICAL ANALYSES 

Number of 
E l ement Analyses Mean Units  Range 

Lu 1 2 .  01 PPM 0 

u 1 . 54 PPM 0 

Ga 1 5 . 0  PPM 0 
c 1 262 . 0  PPM 0 

0 1 41 . 6  PCT 0 

Analysts : Ehmann & Morgan . ( 1 970) ; Gol es  et a l  . •  ( 1 970) ; Annel l & Hel z ,  
( 1 970) ; Murthy et a l  . •  ( 1 970 ) ; Wan l es s  et a l . ,  ( 1 970 ) ;  Epste i n  & Tayl or 
( 1 970) . 

No Age References 



1006 6 , 0  
Ori g i nal PET Photo 

( S-69-46632 )  

1 0066 ' 1 
( S -75-3 1 1 1 2 )  

3 1 1 

em 



3 1 2  

1 0066 

Samp le  1 0066 i s  a rounded , dark grey , fi ne brecc i a .  Thi s  samp l e ori g i na l l y  
wei ghed 40gm and measured 5 . 5x4 . 2x3. 0cm. I t  was ori g i nal ly  returned i n  
ALSRC #1 004 ( Documented Sampl e Conta i ner ) . 

B I NOCULAR DESCRI PTI ON 

ROCK TYPE :  Fine brecci a  

COLOR : Dark grey 

SHAPE : Rounded 

BY : Twedel l 

SAMPLE : 1 0066 , 1  

DATE : 9/3/75 

WEIGHT : 37 . 34 gm 

DIMENS I ONS : 4 . 2  x 4 x 2 . 9  em (measured at 
maximum ) 

COHERENCE : I ntergranul ar - moderately fri ab le  
Fracturi ng - absent; some smal l fractures nearly paral l el 

to surface - spa l l i ng ( PET ) 
FABRI C/TEXTURE : Ani sotrop ic/ Fi ne brecc ia  

VARI ABI LITY : Homogeneous 

SURFACE : Smooth 

ZAP PITS : T 1 -few . None apparent on any other surfaces . P i ts coul d eas i l y  
have been eroded due to moderate fri ab i l i ty of samp l e .  

CAVITI ES : Absent 

COMPONENT 

Matri x 

Basal t Cl ast 

Grey Cl ast 1  

Whi te Cl as t2 

COLOR 

Dark Grey 

Hon . Brown 
B l ack/Wh i te 

Li ght Grey 

Whi te 

1 ) Pl agi ocl ase i s  shocked . 
2 ) Crus hed anorthos i ti c  cl as t .  

% OF  
ROCK 

97 

1 

1 

SHAPE 

Rounded 

Rounded to sub
angu l ar 

Rounded 

S I ZE (MM) 
DOM . RANGE 

1 . 1 -1 

1 <3 

. 8  <l 

SPECIAL FEATURES : There are areas on the samp l e  wh i ch appear to have g l assy 
spatter .  The surface seems to al so have approximate ly  1 %  
coverage of opaques . 



SECTION : 1 0066 , 2 0  

TH I N  SECTION DESCRI PTION 

1 0066 

W i d th of fi el d 1 . 39mm pl ane l i ght 

BY : Wal ton DATE : 6/ 25/76 

SUMMARY : Partly dev i tri f ied typi cal brecc i a  w i th numerous types of g l ass 
c l asts . Descri pti on made on fi ve sma l l  chi ps . 

MATRIX  64% OF ROCK 

PHASE SHAPE COMMENTS : 

�1 3 

Dark Brown 

% S ECTI ON 

1 00 

S I ZE (M�1 ) 
<0 . 001 H i gh g l ass content w i th 

some crystal l i tes 

PHASE 
Pyroxene 1 

P l agi ocl ase2 

Opaques 3 

MINERAL CLASTS 

RELATI VE ABUNDANCE 

Very abundant 

Present 

Few 

1 4% OF ROCK 

SHAPE 

Angu l a r  to i rregu l ar 

B l ocky to i rregu l ar 

Subhedral to i rregu lar  

1 )  H i gh ly s tra i ned crys ta l s ;  hi gh ly  fractured . 
2 )  Poor exti n cti ons and twi nn i ng .  
3 )  Very smal l fragments i n  matri x ;  l a rger i n  cl asts . 

S I ZE (MM) 
0 . 001 -0 . 1 

0 . 001 -0 . l 

0 . 001 -0 . 2  



31 4 

TYPE 

Sma 1 1  

1 0066 

LITH I C  CLASTS 1 6% OF ROCK 

RELATI VE ABUNDANCE SHAPE 

Very abundant Rounded to i rregu l ar 

S I ZE ( MM) 
0 .  001 -1 . 0  

Large4 One present I rregu l ar > 1 . 0  

4 )  P i nk i sh pyroxene wi th i l men i te ;  h i gh  mesostas i s  and l i ttl e to  no 
p l agi ocl ase vi s i b l e .  

GLASS CLASTS 6 %  OF  ROCK 

TYPE RELATI VE ABUNDANCE SHAPE S I ZE ( MM) 
Yel l ow-Orange 5 Very abundant I rregu l ar to spheri cal 0 . 001 -0 . 4  

Dark Brown6 Present Spheri cal 0 . 3  

Wh i te7  Present I rregu l ar 0 . 1 

5 )  Mostly shards wi th some part spheres and a few spheres ; many w i t h  
bubbl es and partly devi tri fi ed . 

6 )  One sphere has sma l l ( 0 . 05mm) cl ear  g l ass spheres ; i mmi sc i b l e  
gl asses w i th some ovroxene i nc l usions .  

7 )  One i rregu l ar mass has fl ow l i nes and bubbl es wi th some pyroxene 
i ncl us i ons . 

H I STORY AND PRESENT STATUS OF SAMPLES - 6/ 25/76 

1 0066 was removed from the Documented Sampl e contai ner (ALSRC #1 004) i n  
the Vac Lab . I t  was l ater spl i t  i n  SPL . Remai ni ng pri st i ne sampl es were 
re-exami ned and spl i t  i n  SSPL . 

PRI STI NE SAMPLES : 

37 . 0  gm 

NO RETURNED SAMPLES 

Piece .  P i ts on T 1 ( few ) . 



1 0066 3 1 5 

CHEMICAL ANALYSES 

Number of 
E l ement Analyses Mean Un its  Range 

S i 02 1 43 . 21 PCT 0 

Al 203 2 1 3 . 5 1 PCT 0 

T i 02 1 8 . 1 7  PCT 0 

FeO 1 6 . 47 PCT 0 

MnO 1 . 205 PCT 0 

MgO 2 7 . 96 PCT . 663 

CaO 1 1 2 . 03 PCT 0 
Na20 1 . 46 1  PCT 0 

Sc 1 60 . 3  PPM 0 
v 59 . 0  PPM 0 

Co 1 33 . 8  PPM 0 
Ta 1 2 . 1 PPM 0 
Hf 1 1 0 . 6  PPM 0 

La 1 1 7 . 4  PPM 0 

Ce 1 62 . 0  PPM 0 
Sm 1 5 . 1 PPM 0 

Eu 1 1 . 7 PPM 0 
Tb  2 . 8  PPM 0 

Ho 1 6 . 5  PPM 0 
Yb  1 1 1 . 8 PPM 0 

Lu 1 . 9 PPM 0 

u . 56 PPM 0 

0 41 . 0  PCT 0 

Anal ysts : Ehmann & Morgan ( 1 970) ; Gol es et a l . ,  ( 1 970 ) .  

No Age References 



3 1 6  

1 0067 , 0  
Ori g i na l  PET Photo 

( S -69 -46643) l cm 

1 0067 , 3  
( S -76-2 1923 )  l cm 



31 7 

1 0067 

Samp l e  1 0067 i s  a s ub-ang u l ar ,  dark grey 
wei ghed 69 gms and measured  5 x 3 x 3 em. 
#1 004 ( Documented Samp l e  Contai ner )  

mi crobrecci a .  Thi s samp l e  ori gi nal ly 
I t  was ori g i nal ly returned i n  ALSRC 

BI NOCULAR DESCRI PTION 

ROCK TYPE :  Mi c:robrecci a 

BY : Kramer 

SAMPLE : 1 0067 , 3  

DATE :  1 - 28- 76 

WEIGHT: 46 . 83gm 

COLOR: Dark Gr·ey 

SHAPE :  Sub-angul ar  ( broken ) 

D IMENSI ONS : 4 x 3 x 3 em 

COHERENCE : I ntergranul ar  - Coherent  
Fracturi ng  - Few,  non-penetrati ve 

FABRI C/TEXTURE : Ani sotropi c/Mi crobrecci a 

VARIAB I L ITY :  Homogeneous 

SURFACE : Al l faces i rregul ar ;  rough and knobby ( PET) 

ZAP P I TS :  Few on a l l but B 1 •  B1  has none. 

CAVITI ES : Absent 

% OF 
COMPONENT COLOR ROCK SHAPE 

Matri x Dark Grey 81 
Basa l t  C l ast  Lt .  Grey 5 Sub-angu lar 

Sal t & Pepper Lt. Grey 3 Sub-angu lar 
C last  

Grey C l as t  Med .  Grey 2 S ub-rounded 

Whi te Cl as t  Whi te 7 Ang u l ar to s ub• 
rounded 

B l ack Cl  as t1 Bl ack 1 S ub-angu lar 

Brown Cl as t  Brown < l  S ub-rounded 

1 ) Appears to be a g l as s -ri ch c l as t. 

Speci al  Features : G l assy spatter ( 1  cm2 ) on W 1 •  

S I ZE 
DOM. 

1 .  0 

. 8  

. 8  

. 5  

2 

1 .  5 

(MM )  
RANGE 

- - - -
. 5-3 . 5 

. 1 -2 . 5 

• 1 - 1 . 5  
. 05- 1 . 5  

• 5-2 . 5  

. 1 - 3 . 0  



3 1 8 1 0067 

SECTI ON : 1 0067, 1 0  

THI N  S ECTION DESCRI PTION 

Wi dth of fi e l d 2 . 72 mm p l ane l i ght 

BY : Wal ton DATE : 6-25-76 

SUMMARY : Partly devi tri fi ed brecci a wi th a re l ati vely l ow g l ass c1ast 
content .  Most of the l i thi c c lasts are sma l l and wel l rounded .  No 
real ly  l arge c l asts are present i n  the secti on . 

TYPE  

Dark Brown 

PHASE 

Pyroxene 1 
P 1 agi ocl ase2 
Opaques 3 

MATRIX 62% OF ROCK 

% SECTION 

l 00 

SHAPE S I ZE (MM) 
<0 . 00 1  

MI NERAL CLASTS 26% O F  ROCK  

RELAT I VE ABUNDANCE 

Very Abundant 
Few 
Few 

SHAPE 

Angu l ar to i rregul ar 
Bl ocky to i rregu l ar  
Angul ar to  s ke l etal 

COMMENTS : 

Hi gh  g l ass con
tent :  not a we l l  
defi ned phase 

S I ZE (MM) 
O. OOl - O o 5  
o .  001 - o .  3 
O . QQ 1 -Q o 3 



1 0067 

2
1 )  Mos t as ang ul ar s hards wi th poor opti cal characteri s ti cs 

) B l ocky crysta l s  wi th fai r to poor twi nni ng 
3 )  Mostly i n  c l as ts ;  some i sol ated s hards 

LITH I C  CLASTS 1 0% OF ROCK 

TYPE RELATIVE ABUNDANCE SHAPE S I ZE (MM) 

Sma 1 1  Vt�ry abundant 

One present 

rounded to i rreg u l ar Oo OO l - 1 . 0  

i rreg u l ar > 1 . 0 

4 )  Coarse-gra i ned basal t cons i s ti ng of  pyroxene, p l agi ocl ase and 
i l men i te .  

GLASS CLASTS 2%  OF  ROCK 

TYPE RELATI VE ABUNDANCE SHAPE S I ZE (MM) 

Yel l ow-Orange 5 Very abundant angul ar to spheri ca l O . OOl - O o 3  

Col orl ess 6  Few angu l ar  O o OOl - 0 . 2  

5 )  Many smal l spheres ; most l arge p i eces s hards ; some wi th parti a l  
devi tri fi cati on 

6 )  Al l s hards ; some b ubb les 

Sel ected References : Carter and MacGregor ( 1 970 ) , Kei l et al . ( 1 970 ) .  

H ISTORY AND PRESENT STATUS OF SAMPLES - 6/25/76 

3 1 9  

1 0067 was removed from the Documented Sampl e  contai ner (ALSRC 1 004 )  and s p l i t  
i n  the Vac Lab.  Pri s ti ne samp l es were re-exami ned i n  SSPL.  

PRISTI N E  SAMPLES : 

3 
1 2  

46 . 83 gm 
0 . 93 gm 

RETURNE D  SAMPLES : 

9001 7 . 97 gm 

(Al l VAC-SSPL )  

Pi ece. Pi tted on fi ve s urfaces o  

Ch ips and fi nes . Some chi ps have pi tted s urface o 

Two chi ps .  Larger chi p  i s  pi tted on one s urface . 
Sma l l er chi p has no p i ts .  



3 2 0  1 0067 

CHEMICAL ANALYSES 

Number of 
E l ement Analyses Mean  U n i ts Range 

S i02 44 . 07 PCT 0 

Al 203 2 1 3 . 80 PCT 0 

T i  02 8 . 84 PCT 0 

FeO 1 7 . 88 PCT 0 

MnO . 235 PCT 0 

MgO 2 1 0 . 1 1  PCT 3 . 65 

CaO 1 1 2 . 1 7  PCT 0 

Na20 . 484 PCT 0 

Sc 66 . 00 PPM 0 

v 7 1 . 0  PPM 0 

Co 35 . 90 PPM 0 

Ta 2 .  1 0  PPM 0 

Hf 1 5 . 40  PPM 0 

La 20 . 1 0  PPM 0 

Ce 68 . 1 0  PPM 0 

Sm 1 1 6 . 70 PPM 0 

Eu 1 2 . 40 PPM 0 

Tb 3 . 1 0  PPM 0 

Ho 7 . 50 PPM 0 

Yb 1 3 . 8  PPM 0 

Lu 1 2 . 2  PPM 0 

u 1 . 54 PPM 0 

0 1 41 . 6  PCT 0 

Analyst s :  Ehmann & Morgan , ( 1 970 ) ;  Gal es  et al . ,  ( 1 970 ) .  

No Age References 



1 0068 , 0  
Ori g i nal PET Photo 

( S -69 -46656 ) 2 em 

1 0068 ,5  
( S -76-22545 ) 

321 
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1 0068 

Sampl e 1 0068 i s  a s ubangul ar to subrounded , med i um dark grey , micro
brecci a .  This  samp l e  ori gi nal l y  wei g hed 2 1 8  gm and measured 1 4x5x4 em . 
The sampl e was ori g i nal l y  returned i n  ALSRC Contai ner #1 004 . 

BI NOCULAR DESCRI PTION 

ROC K  TYPE :  Mi crobrecci a  

COLOR :  Med i um Dark Grey 

SHAPE : Subangul ar-Subrounded 

BY : Twedel l DAT E :  2-1 7-76 

SAMPLE:  1 0068 , 5  WEIGHT : 96 . 7  gm 

DIMENS IONS : 5 . 3  x 4 x 2 . 2  em 

COHERENCE :  Intergranul ar - coherent 
Fracturi n g  - Absent ; Mi cro-fracturing present paral l el 

to surface . ( PET ) 

VARIABIL ITY :  Homogeneous 

SURFACE :  Smooth o n  p i tted surfaces , sl i ghtly i rregul ar on fresh 
surfaces . Overal l bl ocky appearance . Gl assy sp atter i n  
pl aces . 

ZAP P ITS : Many on E r , N 1 ,  and B r . None on others . Pi ts are glass 
l i ned , approxi mately 0 . 3mm in di ameter .  

CAV IT I ES :  Absent 

COMPONENT 

Matri x 

Green Cl ast1 

Whi te Cl astz 

Grey Cl ast3  

COLOR 

Med . D k . Grey 

Green 

Wh i i:e 

Lt . Grey 

% OF 
ROCK 

97 

< 1  

<1 

<1 

Basal t C l ast4 Whi te Brn/Bl k <1 
Grey & Wh i te Grey/Wh i te <1 

C last s  

Sal t & Pepper Bl k/Wh i te <1 

Cl ast 

SHAPE 
S IZE (MM ) 

DOM . RANGE 

Angul ar-subangul ar . 3  

Angu1ar . 1  

Subangul ar-Subrounded . 4  

. 2- . 3 

< . 1  

. 2- . 5 

Angul ar-Subrounded . 4  . 2 - . 6  

Angul ar-Subrounded . 2 . 1 - . 2 
Subangu lar  . 3  . 2- . 4  
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1 )  El ongated tabu l a r  crysta l s  (ol i vi ne? ) 
2 )  Powdered sugar texture , crushed anorthos i te . 
3 )  Submetal l i c l uster . Very fi ne grai ned . 
4 )  P l agi ocl ase , i l menite and pyroxene gra i ns ; even d i stri but i on ,  

equ i granu l ar . 
5 )  Equi granu l a r .  Very fi ne grai ned . 

SECT ION :  1 0068 ,35  Wi dth of  fi el d 2 . 72mm p l ane l i ght 
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SECTION : 1 0068 ,35 Width of  fi e l d 2 . 72mm refl ected l i ght 

TH IN SECTION DESCRIPTION BY : Wal ton DATE : 6/28/76 

SUMMARY : Partly devitri fi ed typica l  brecci a  with a very dark matri x  
phase .  The matrix i s  mai n ly an opaque b l ack phase wi th part 
of i t  grad i ng to a very dark b rown . Very few fragments of 
i l meni te are found i n  the matrix ;  a l l  of the major fragments 
are i n  the l i thi c  c l asts . 

PHASE 

Bl ack to 
dark brown 

% SECTION 

1 00% 

MATRI X  5 1 %  OF  ROCK 

SHAPE S I ZE(MM )  

<0 . 001 

COMMENTS : 

H igh  g l ass  content 
very patchy and 
grades to dark 
brown . 
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MINERAL CLASTS 28% OF  ROC K  

PHASE 
Pyroxene 1 

Pl agi ocl ase2 
Opaques 3 

RELATIVE ABUNDANCE  SHAPE 

Very abundant Angul ar to i rregul ar 

Few B l ocky to i rregu l a r  

Present I rregul ar 

S IZE (MM) 
0 . 001 -0 . 3 

0 . 001 -0 . 3  
0 . 00 1 -0 . 1  

1 )  Many of tile fragments are zoned ; h i gh ly  fractured . 
2 )  Many very sma l l fragments ; one l arge fragment .  
3 )  A very fe1� i so l ated i n  matri x ;  a l most a l l i n  cl asts . 

L ITHI C  C LASTS 1 7% OF  ROCK  

TYPE 

Smal l 

Large4 

RELATIVE ABUNDANCE SHAPE 

Very abundant Rounded to i rregu l ar 

Four present Rounded to i rregu l ar  

S IZE (MM) 
0 . 001 -1 . 0  

>1 . 0  

4 )  a .  Fi ne-9rai ned bas a l t  cons i st i ng of pyroxene , p l ag i ocl ase and 
i 1 menite . 

TYPE 

b .  CoarsE!-gra i ned basal t cons i st i n g  o f  pyroxene , p l ag iocl ase and 
i l men i te .  

c .  Fi ne-9ra i ned basa l t  cons i st i ng of  pyroxene , p l agi ocl ase and 
i l meni te . 

d .  Gl ass ri ch matri x enc l os i ng sma l l crysta l l i tes of pyroxene and 
p l ag iocl ase .  

GLASS CLASTS 4%  OF  ROCK 

RELATIVE ABUNDANCE SHAPE 

Yel l ow-Orange 5 Very abundant Spherical  to angu l ar 

S I ZE (MM ) 
0 . 001 -0 . 3  

5 )  Approximately ha l f  spheres o r  part s phere and hal f ang u l ar shards . 

Sel ected References : Kei l  ( 1 970 )  

H ISTORY AND PRESENT STATUS OF  SAMPLES - 6/28/76 

1 0068 was removed from the Documented Samp l e  contai ner (ALSRC #1 004 ) and 
spl i t  i n  the Vac Lab . A l OOmg s amp l e  was s ent to PCTL for PET analys i s .  
Remai n i ng pri sti ne sampl es were re-exami ned and sp l i t  i n  SSPL . 
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PRIST INE  SAMPLES : (Al l VAC-SSPL ) 
5 96 . 70 gm Pi ece . Three s i des are p itted . The others are 

fresh .  

1 0  2 . 88 gm Chi ps and fi nes . 

84 35 . 51 gm P i ece .  One surface i s  pi tted . 

85 1 6 . 54 gm Three chi ps .  P its  on l argest pi ece . 

86 5 . 26 gm F i nes . 

RETURNED SAMPLES :  

1 2  5 . 92 gm Ch i p .  No sawed o r  pi tted surfaces . 

3 1  4 . 55 gm Chi ps and fi nes . Largest chi p i s  1 . 0 em . No 
sawed surfaces or p i t s .  

33 5 . 46 gm Chi p .  No sawed o r  pi tted surfaces . 

CHEMI CAL ANALYSES 

Number of 
E l ement Anal yses Mean Uni ts Range 

Si 02 1 41 . 29 PCT 0 
Al 203 2 1 2 . 1 8  PCT . 57 
T i 02 7 . 84 PCT 0 
FeD 1 1 6 . 47 PCT 0 
MnO 2 . 225 PCT . 07 1  
MgO 1 6 . 47 PCT 0 ' 

CaD 1 1 2 . 1 7  PCT 0 
Na20 1 . 442 PCT 0 ' 

Li 1 4 . 0  PPM 0 

Rb 3 . 3  PPM 0 
Be 1 . 9 PPM c 
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Number of 
E l ement Anal�ses Mean Uni ts Range 

S r  2 1 47 . 75 PPM 3 5 . 5 

Ba  2 200 . 0  PPM l 00 . 

Sc 2 65 . 95 PPM l 0 .  l 
v 2 52 . 0  PPM 1 2 . 0  

Cr20 3  2 . 328 PCT . 1 04 

C o  2 32 . 35 PPM 1 . 30 

Ni l 205 . 0  PPM 0 

Cu 2 1 3 . 5  PPM 3 . 0  

Zn l 22 . 0  PPf\'1, 0 

y 1 1 08 . 0  PPM 0 

Zr 2 591 . 0  PPM 2 1 8 . 00 

Nb 31 . 0  PPM 0 

Ta 1 1 . 8 PPM 0 

Hf  l l l . 0 PPM 0 

La 2 1 8 . 7  PPM 4 . 60 

Ce 1 60 . 0  PPM 0 

Sm l 1 4 . 4  PPM 0 

Eu 1 . 8 PPM 0 

Tb 1 3 . 60 PPM 0 

Ho l 6 . 6  PPM 0 

Y b  l 1 2 . 2  PPM 0 

Lu l 2 . 6  PPM 0 

u 1 . 6 1  PPM 0 
Ga 1 4 . 70 PPM 0 

c 1 1 65 . 0  PPM 0 

0 l 40 . 3  PCT 0 

Analysts : Ehmann & Morgan , ( 1 970) ; Gol es et al . ,  ( 1 970) ; Annel 1 & Hel z ,  · ( 1 970 ) ;  Wanl ess et al . ,  ( 1 970 ) ; Epstei n & Tayl or ,  ( 1 97 1 ) .  

Age References : Turner, ( 1 971 ) .  
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1 0069 , 0  
Ori gi na l  PET Photo 

( S -69 -46661 ) 

1 0069 , 4 
( S -76-23287 ) 

em . 
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Samp l e  1 0069 i s  an ang u lar ,  medi um dark grey , ves i cu l ar  bas a l t. Th i s  s amp l e 
ori g i na l ly �'ei ghed 1 1 9 gm. and measured 7 x 5 x 5 em. I t  was ori gi na l ly 
returned i n  ALSRC #1 004 ( Documented Samp l e  contai ner ) . 

B I NOCULAR DESCRI PTIONS 

ROCK TYPE : Ves i cu l ar Basa l t  

COLOR: Medi um dark grey 

SHAPE :  Angu l ar  

COHERENCE : i n tergranu l ar - fri abl e  

BY : Twede l l 

SAMPLE : l 0069 , 4  

DATE : 2-24-76 

WEIGHT: 64 gm . 

D IMENS IONS : 5 . 5  x 4 . 7 x 3 . 2  em. 

fracturi ng - absent; i rregu lar ,  mai nly re-hea led  (PET ) . 

VARIAB I LI TY :  Homogeneous 

FABRI C/TEXTURE : I s otrop i c/ Equi granu l ar 

SURFACE : Al l s urfaces are covered wi th an adheri ng s oi l .  

ZAP P ITS :  Few on B1 , none on a l l others . P i ts are g l ass l i ned up to 1 mm 
i n  di ameter. 

CAV ITI ES :  1 5% s urface coverage. Ves i cles are smooth and g l as s  l i ned. 
Some are l i ned wi th crys tal s .  

S I ZE (MM ) 
COMPONENT COLOR % of ROCK SHAPE OOM. RANGE 

P l ag i ocl ase Whi te 30% Angul ar to s ub- <0 . 1 0. 1 �< 0 . 1  
angu lar  

I l rnen i te 1  B l ack 1 5% Angu l ar o .  l <0.  1 - 1 . 2  

Pyroxene2 B l ack 55% s ubangular to <0 .  l < 0 .  l 
Sub rounded 

l ) Long pl aty crystal s ,  approximately 0. 1  mm i n  length. 
2 ) Pyroxene appears to be wel ded i n  w ith the p l agi ocl ase crystals .  
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SECTION : 1 0069 , 37 

THI N SECTION DESCRI PTION 

Wi dth of F i e l d :  2 . 2mm P l ane l i ght  

BY : Wa l ton DATE : 2-28- 76 

S ECTI ON : 1 0069 , 37 

S UMMARY : Fi ne-grai ned poi ki l i ti c , ves i cu l ar bas a l t  composed of cl i no
pyroxene ,  p l ag i ocl ase , two generati ons of i lmeni te and s ub
ordi nate opaques and mesostas i s .  Some coarseness vari ati on 

PHASE 

Pyrox 

P l ag 

Opaq 

Meso 
Ves i cl es 

i s  present i n  the rock . Approxi mate ly  one ha lf  of the secti on 
1 0069 , 33 i s  a coarse textured equ i valent of the remai n der of 
the secti on . I n  the coarser porti on , the p l agi ocl ase crystal s  
are from 0 . 6mm to 1 . 2mm i n  s i ze as compared  to 0 . 08-0 . 8 for the 
fi ner porti on. The i lmeni te i n  the coarser porti on forms more 
equant anhedra l crysta l s  and are re l ati vely l arge .  

% SECTION SHAPE S I ZE (MM} 

46 E uhedra l to anhedral 0. 03- 0. 08 

23 An hedra l , i ntersti ti a l  0. 08- 0 . 8  

1 4  Subhedra l to anhedral 0 . 0 1 -0 . 2 

1 7  I rreg u l ar 

R ounded to i rregul ar 0 . 5- 1 . 5  
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COMMENTS : 

Pyroxene - sma l l  pal e  brown euhedral to anhedral crysta l s  of cl i no
pyroxene encl ose the l arger p l ag i ocl ase crysta l s .  The crysta l s  
exhi b i t uneven exti ncti ons and zon i ng i s  present i n  many crystal s .  
Smal l s ubhedral crysta ls  o f  what appears to be apati te occur i n  
some crysta l s .  T he compos i ti on of thi s  phase was , however, not 
veri fi ed. 

P l agi ocl ase - the poi ki l i ti c  p l ag i oc l ase crysta l s are l a rge and show 
i 1 1  def·i ned twi n p 1 anes and ex ti n cti ons .  Much of the p 1 agi oc l ase 
forms feature- l es s  patches whi ch are encl o sed i n  the pyroxene
i lmen i te network. The opti cal characteri s ti cs s uggest that the 
compos iti on vari es to some degree , b ut there i s  no marked zon i ng .  
I n  sect·i on 1 0069 , 33 l arge s ubhedral crystal s of p l ag i oc l ase ex
hi bi ti n!l we 1 1  defi ned twi n p 1 anes and exti nctions were noted. I t  
i s  as sumed these represent a di fferent generati on o f  crystal 
devel opment than the p l ag i ocl ase i n  the rest of the secti on o 

Opaques - the s ubhedra l to anhedral crysta l s  of i l meni te are randomly 
scattered throughout the rock . A few of the crystal s h ave ruti l e  
and chromi te exsol uti ons .  Most of the crysta l s  show some degree 
of s ke l etal growth . 

Two di sti nct generati ons of crys ta l s are present. The fi rst are 
the s ubhedral l ath- l i ke crysta l s  whi ch form smal l e r  i so l ated crysta l s .  
The oth1:r generati on i s  far more s ke l eta l  and anhedra l . Many have a 
si eve t1:xture wi th g l ass and s i l i cate i ncl usi ons . 

Smal l ( 0. 005-0. 06 mm ) masses of troi l i te and troi l i te wi th i ron
ni ckel are scattered throughout the rock .  Mos t  of the l arger masses 
are ess ,enti a l l y  troi l i te .  Several spheri cal masses are present i n  
the secti on suggesting formati on of the masses whi l e  there was yet 
a s i l i cate ri ch l i qui d.  

Mesostasi s  - i ntersti ti a l  g l assy masses wi th a turb i d appearance occur 
between the s i l i cate phases . These g l as sy patches are nearly col or
less to brown i n  col or. No exten s i ve devi tri fi cati on h as taken p l ace 
i n  any of the masses . A few masses contai n what appear to be sma l l 
cri s tobal i te crystal s .  Thi s  was not comfi rmed ,  however. 

TEXTURE : The rock cons i sts of a random network of i ntergrown cl i no
pyroxene and i lmeni te crystal s .  P l ag i oc l ase and g l assy mesostas i s  
occur i ntersti ti a l  to thi s network .  The overa l l  texture i s  poi k i 
l i ti c i ntersertai . No preferred ori entati on was determi ned for any 
of the phases present. The occurrence of a much coarser-grai ned 
materi al near the edge of one secti on coul d s uggest that thi s  rock 
represents a chi l l ed margi n of a l arger body of materi al . 
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Carter and MacGregor ( 1 970 ) have reported  on secti on 1 0069 , 30. 
Thei r modal analys i s  gave cl i nopyroxene 56% , p lag iocl ase 1 9% ,  
opaques 24% , and mesostas i s  l%  whi ch vari es cons i derably from 
the above analys i s .  

Sel ected  References : Carter and MacGregor ( l 970) , Dence et a l .  ( 1 970 ) .  

HISTORY AND P RESENT STATUS OF SAMPLES - 5/ 20/ 76 

1 0069 was removed from the Documented Samp l e  contai ner (ALSRC # 1 004)  
and sp l i t  i n  the Vac Lab.  Rema i n i ng pri s ti ne s amples were re-exami ned 
i n  SSPL. 

PRISTI N E  SAMPLES : (Al l VAC -SSPL ) 

4 

5 
64. 92 gm 
1 0. 08 gm 

RETURNED  SAMPLES 

Few p i ts on one s urface 

Chi ps and fi nes. 

31  6 . 71 gm No  sawed or p i tted s urfaces . 

CHEM I CAL ANALYSES 

Number of 
El ement Analyses Mean Uni ts Range 

Si 02 39 . 1 5  PCT 0 
Al 203  2 7 . 09 PCT . 1 89 
Ti 02 1 2 .  01 PCT 0 
FeD 1 8 . 1 4 PCT 0 
MnO 3 . 275 PCT . 1 02 
MgO 6 . 1 3  PCT 0 
CaD 2 1 0 . 0  PCT . 1 36 
Na20 2 . 475 PCT . 034 
K20 2 . 285 PCT . 01 7 
L i  2 1 7 . 6  PPM . 8  



l 0069 133 

CHEMICAL ANALYSES 

Number of 
El ement Ana lyses Mean Un i ts Range 

Rb 5 5 . 60 PPM . 231 

Cs l . 1 63 PPM 0 

Be 2 2 . 75 PPM l . l 

Sr 3 1 50 . 2  PPM 35 . 0  

Ba 4 308 . 75 PPM 1 70. 

Sc 3 81 . 47 PPM 21 . 6  

v 2 79 . 5  PPM 1 5 . 

Cr20 3  2 . 357 PCT . 092 

Cr 1 2270.  PPM 0 

Co 3 28 . 00 PPM 4 .  

N i  l 6 . 7  PPM 0 

Cu 2 1 0 . 35 PPM 3 . 3  

y 1 64 . 0  PPM 0 

Zr 4 560 . 7 5  PPM 1 35 .  

N b  1 20. 0 PPM 0 

Ta 1 2 . 7  PPM 0 

Hf 3 1 5 . 6  PPM 9 . 0  

Re 1 . 001 PPM 0 

Os 1 . 800 PPB 0 

La 2 25 . 35 PPM 3 . 3  

Ce 1 65 . 0  PPM 0 

Sm 1 8 . 0  PPM 0 

Eu 2 2 . 1 2  PPM . 1 6  

Tb 1 4 . 8  PPM 0 

Ho 1 6 . 9  PPM 0 

Yb  20 . 8  PPM 0 

Lu 2 . 67 PPM 0 
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CHEMICAL ANALYSES 

N umber of 
El ement Analyses Mean Uni ts Range 

u . 78 PPM 0 

Ca 4 . 9  PPM 0 

0 37 . 6  PCT 0 

Ana lysts : Ehmann & Morgan ,  ( 1 970 ) ; Gol es et al . ,  ( 1 970 ) ;  Annel l & Hel z ,  
( 1 970) ; Tera et al . ,  ( 1 970 ) ;  Murthy et al . ,  ( 1 970) ; Pappanastas s i ou et a l . ,  
( 1 970) ; S i evers et al . ,  ( 1 970) ; Ehmann et a l . ,  ( 1 975 ) ; Turek i an & Kharkar , 
( 1 970) ; Loveri ng & Butterfi e l d ,  ( 1 970 ) . 

Age References : Bosch l er ( 1 971 ) ;  Eberhardt ( 1 97 1 ) ;  Pappanastas s i ou ( 1 970 ) 
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Ori gi nal  P ET Photo 

( S-69-473 1 1 )  

1 0070 ,4 . 1 7  
( S -75-34246 ) 

335 

l cm 
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Samp le  1 0070 i s  a s ubangul ar ,  dark grey , fi ne brecci a .  Thi s samp l e  
ori g i nal ly  wei ghed 6 4  gm, a n d  measured 5 . 7  x 3 . 2  x 3 . 2cm . I t  was 
ori gi na l ly returned i n  ALSRC #1 004 ( Documented Sampl e  Contai ner ) . 

B I NOCULAR DESCRIPTIONS BY : Kramer DATE : 1 2-5-75 

ROCK TYPE :  Fi ne Brecci a* SAMPLE : 1 0070 , 4  WEIGHT : 38. 1 5  gm 

COLOR :  Dgrk Grey 

SHAP E :  Subang u l ar 

D IMENS IONS : 5 x 3 x 2 em 

COHERENCE : I ntergranu l ar  - moderately  fri abl e  
Fracturi ng - absent 

FABRIC/TEXTURE:  An i s otrop i c/F i ne Brecci a 

VARIAB I L I TY :  Homogeneous 

SURFACE :  I rregu l ar 

ZAP P ITS :  N 1 & S 1 - many , others noneo 

CAVITI ES : Absent 

% OF 
COMPONENT COLOR ROCK 

Matri x Dk. Grey 88 

Basal t Cl ast Lt .Grey 2 

Grey C l as t  Med . Grey 2 

Sa lt  & Pepper B l k & l�hi te 2 
Cl ast 

G l ass Spherul es B l ack 2 

Whi te Cl as t  Whi te 2 

Brown Cl as t  Brown 2 

SHAPE 

Subrounded 

Sub rounded 

S ub rounded 

Round 

Ang u l ar to 
Sub rounded 

Angul ar to 
S ubrounded 

(SIZE MM) 
OOM. RANGE  

2 .0  0 . 5-2 . 3 

1 . 5 0 . 5- 5 . 0  

2 o 0  0 ,05- 2 , 5  

. 2 5  0 . 01 - 1 . 2  

1 . 0 O oOl - 1 . 5  

1 . 0 . 01 - 1 . 5  
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*Ori gi na l  PET dE! scripti on of 1 0070 , 2  (3 . 82 gm ) was apparently done on a 
mi s l abel l ed s amp l e .  The des cri pti on of 1 0070 was done on a bas a l t  fragment .  
Thi s was di s covered duri ng re-exami nation of  the samp l e  • .  

SECT I ON :  1 0070 , 22 

THI N  S ECTION DESCRI PTION 

SECTI ON : 1 0070 ,22  

Wi dth of fi e ld :  2 . 72 mm 

BY : Wal ton 

P l ane l i ght 

DATE :  6-25-76 

SUMMARY : Partly devi tri fied typi cal  brecci a wi th many s:na l l  l i th i c  c lasts 
b ut very few l arge cl asts .  Many of the mi nera l fragments are 
crushed and hi g h ly fractured. 

Matri x 55% of Rock 

PHASE % OF SECTION SHAPE S I ZE (MM ) COMMENTS : 

Dark Brown .1 00% < 0. 001 High g l ass content;  
some devi tri f ication . 

Mineral C l as ts 29% of Rock 

Phase Re l ati ve Abundance Sha�e S i ze (mm) 
Pyroxene 1 Very Abundant Angu l ar to i rregu l ar 0. 001 -0. 2 
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P l agi ocl ase2 Present B locky to i rregu l ar  0 . 00 1 - 0 . 2  

Rounded to euhedral 0 . 00 1 - 0 . 2  Opaques 3 Few 

1 )  Some grai ns s how twi nni ng ,  exsol uti on and fai r c l eavage deve lopment.  

2 )  Many polygranul ated, fai r to poor twi nni ng ,  others no twi nn i ng vi s i b l e o  

3 )  Severa l sma l l euhedra l crystal s  and rounded fragments i n  matri x ;  many 
l a rger crysta l s i n  c l asts o  

� 
Sma 1 1  

4 )  a .  

Type 

Li thi c C l as ts 1 8% of Rock 

Rel ative Abundance 

Very abundant 

One Present 

Shape S i ze (mm) 

Rounded  to i rreg u l ar 0 . 001 - 1 . 0  

I rregu l ar >1 . 0  

Coarse-grai ned basal t wi th l arge p l agi ocl ase crystal s  (many wi th 
g l ass i ncl usi ons ) , pyroxene crysta l s  (some wi th o l i vi ne i ncl us i ons ) 
and i l meni te .  

Gl ass Clasts 5%  of  Rock 

Rel ati ve Abundance Shape 

Yel l ow-Orange Very abundant I rregul ar to spheri cal 

S i ze (mm ) 
OoOO l -0 . 9  

5 )  Apparently hal f spheres or part spheres and ha lf  angu l a r  s h ards ; some 
devi tri fi cati on and bubbl es . 

H I STORY AND PRESENT STATUS OF SAMPLES 6-28-76 

1 0070 was removed from the Documented Samp l e  contai ner (ALSRC # 1 004) and 
sp l i t  i n  the Vac Lab. A chi p was sent to PCTL where a mi xup occurred. The 
chi p  descri bed i n  PCTL  ( 1 0070 , 2 )  was a basa l t chi p and thi s  des cri pti on 
appeared i n  the fi rst catal ogue ( 1 969 } . The di s crepancy was di s covered 
duri ng re-exami nati on i n  RSPL .  Rema i n i ng pri sti ne s ubsamp l es were re
exami ned i n  SSPL. 

PRISTI N E  SAMPLES 

4 38. 1 5  gm Large surface p i ece .  N 1 &S 1  are pi tted.  Other 
surfaces are fresh.  
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1 7  2D.28 gm F i ve surface chi ps . A l l have one p i tted s urface .  

1 8  9 . 64 gm Chi ps and fi nes . Largest chi p i s  about l / 2  gm. 

RETURNED SAMPLES - None 

Number of 
El ement Analyses 

S i D 2  

Al 2D3  2 

Ti D2 1 

FeD 

MnD 1 

MgD 1 

CaD 1 

Na2D 
Ba 1 

Sc 
v 1 

Cr2D3 1 

Co 

Cu 1 

Zr 

Ta 1 
Hf 1 
La 2 

Ce 1 
Sm 

Et.< 

CHEMICAL ANALYSES 

Mean Uni ts Range 

44 . D7 PCT D 
l 3 . 8D PCT . 75 
8 . 34 PCT D 

1 6 . 2 1 PCT D 
. 1 96 PCT D 

8 . 62 PCT D 
1 2 . 3 1 PCT D 

. 5D4 PCT D 
31 D . D  P PM D 
57 . 4  PPM D 
82 . D  PPM D 

. 272 PPM D 
37 . 3  PPM D 
1 2 . D  PPM D 

36D . D  PPM 0 
l . D PPM D 

1 2 . 8  PPM D 
1 6 . 85 PPM 0 
56 . 0  PPM D 
1 3 . 1  PPM D 

1 .  ]a. PPM 0 



340 l 0070 

CHEM I CAL ANALYSES 

N umber of 
El ement Ana lyses Mean Un its  Range 

Tb 3 . l  0 PPM 0 

Ho 5 . 80 PPM 0 

Yb l 1 4 . 0  PPM 0 

Lu l 1 . 80 PPM 0 

u . 62 PPM 0 

0 43 . 40 PCT 0 

Anal ysts : Ehmann & Morgan , ( 1 970 ) ; Gol es et a l . , ( 1 970) . 

Age References :  Eberhardt ( l 97l b ) . 



1 007 1 , 0  

Ori g i nal  PET Photo 
( S -69-47292 ) 

1 007 1 , 5  
( S -76-22607 ) 

341 

1 e m  • ._t _ ___. 
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Samp l e  1 0071 i s  an angu l ar medi um l i ght grey , fi ne qrai ned basa l t .  Thi s  
samp l e  ori g i nal ly  wei ghed 1 90 gm and measured 1 0  x 4 . 5  x 3 . 8  em. I t  was ori g
i na l l y  returned i n  ALSRC # 1 004 ( Documented Samp le  Contai ner ) . 

BI NOCULAR DESCRI PTIONS 

ROCK TYPE :  Fi ne Grai ned Basa l t 

BY :  Twede l l  

SAMPLE : 1 0071 ,5  

DATE : 6-9-76 

WEIGHT : 1 1 7 .  gm 

COLOR : Medi um l i ght grey 

SHAP E :  Angul ar  

DIMENS IONS : 5 . 5  x 4. 5 x 3 . 8  em 

COHERENCE :  I n tergranu l ar - fri ab le  
Fracturi ng - Absent 

FABRI C/TEXTURE : I sotrop i c/Eq ui granul ar - fi ne grai ned. 

VARIABI LITY : Homogeneous 

SURFACE : Al l s urfaces have a sma l l  amount of adheri ng soi l .  E 1  is a 
fresh s urface . 

ZAP P ITS : Many on al l but E 1 •  None on E 1 •  P i ts are g l as s  l i ned up to 
. 5  mm. 

CAV IT I ES :  20% Ves i cu l a r  s urface coverage. 

% OF 
COMPONENT COLOR ROCK SHAPE 

Pyroxene 1 B l k  to Drk. Brn .  58% Angu l ar to s ubangu l ar  

P l agi ocl ase2 Wh i te 5% 

P l agi ocl ase 3 Whi te 20% Ang u l ar 

Bl ack4 Bl ack 1 0% P l aty 

S I ZE (MM)  
DOM. RANGE 

< .  1 < .  1 

< . 1 < .  1 

< .  1 < .  1 

< .  1 < .  1 - . 2  

1 ) Dark honey brown to b l ack crystal s are we l l  defi ned i ns i de ves i cl es .  
2 ) Powdered whi te texture. 
3 )  Crystal l i ne i n  appearance. 
4) Large pl aty crysta l s  appear to be i lmeni te .  Usua l ly associ ated wi th 

powdery whi te p l agi ocl ase. 
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Speci a l  Featur·es : Thi s samp l e  di ffers from most  Apo l l o  1 1  bas a l ts i n  that 
i t  has a h igh  n umber of l arge vesi cl es throughout i ts '  s urface i Ol i vi ne i s  
sparse  but l ar·ge and conspi cuous up to lmmo < l %  of rock ( P ET ) . 

S ECTI ON 1 0071 , 34 

THI N  SECTION DESCRI PTION 

SECTI ON : 1 0071 , 34 

Wi dth of fi e l d :  1 . 39 mm. P l ane l i ght 

BY: Wal ton DATE : 9-9- 76 

SUMMARY : 14edi um-grai ned i ntersertal basa l t  composed of cl i nopyroxene ,  
p l ag i oc l a se ,  and i lmeni te wi th subordi nate mesostas i s .  Many 
of the p l agi ocl ase crysta l s  form s omewhat radi ati ng  masses . 
Both the i l meni te and the p l agi ocl ase are rather skel etal i n  
deve l opment. There i s  g l ass present i n  some of the crysta l s  
p l us a g l ass-ri ch mesostas i s  between the crys ta l l i ne phases . 

PHASE % OF S ECTION 

Pyrox 45 

P l ag 26 . 5  

SHAPE 

Anhedra l , i rregul ar 

Anhedra l to s kel eta l  

S I ZE (MM) 
0 . 1 - 0 . 8  

0 . 0 1 - O o 6  
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Opaq 

Meso 
24. 5 

4 

1 007 1 

Anhedral to S ubhedral 

I rregu l ar  
0 . 00 1 -0. 8 

0 . 001-0. 3 

COMMENTS : 

Pyroxene - The cl i nopyroxene forms l arge p i nki sh tan anhedral crysta l s  
whi ch form a n  a lmost conti n uous array . wi thi n the rock.  Grouped wi thi n  
the array are somewhat radi ati ng mas ses of p l ag i oc l ase crysta l s .  The 
pyroxene crystal s show some degree of zon i ng and on ly a very poor 
cl eavage pattern . Mos t  crys tal s  have a we l l  deve l oped fracture pattern . 
A few crystal s have o l i vi ne i ncl us i on s .  

P l agi ocl ase - Two major types of  p l ag i oc l ase crysta l s  occur wi thi n the 
rock. The l arger anhedral are s ke l eta l , poorly formed, and form 
i n tersertal masses between the pyroxene crystal s . The sma l l er more 
tabul ar crystal s  are more bl ocky and some have hol l ow centers whi ch 
are fi l l ed wi th g l as s . Some l i neati on wi th i n  thi s type of crystal 
i s  seen , but i t  i s  not pronounced. 

I ntermi ngl ed among the pyroxene and p l agi ocl ase crysta l s  are patches 
of a gl ass-ri ch mesostasi s . The col or vari es from nearly col or less 
to a brown. 

Opaques - Two generati ons of i lmen i te crysta l s  are present i n  the rock. 
The fi rst generati on crystal s  are l arger,  hi ghly s ke l etal and rather 
b locky i n  appearance . Mos t have a s i eve texture wi th the s i l i cate 
phases fi l l i ng the ho l es i n  the crysta l .  Several of the crystal s  
show ruti l e  and chromi te exsol uti ons . 

The second generati on crystal s  a re sma l l  l ath- l i ke subhedral crysta l s .  
These are far l es s  common than the fi rst generati on crystal s .  Several 
of thi s  second generati on crystal  a l s o  show s l i ght  s kel etal deve l opment. 

Scattered throughout the secti on are smal l masses (0 .005-0 . lmm ) of 
troi l i te and tro i l i te wi th i ron-ni cke l . Many of these masses are 
associ ated wi th the i lmeni te ,  wh i l e  others are i s ol ated i n  the s i l i cate 
network. 

TEXTURE : Somewhat prophyri ti c i ntersertal  bas a l t  cons i s ti ng of a network 
of pyroxene phenocrysts that are i n tergrown wi th l arge anhedral i l meni te 
pri sms . Occurri ng i ntersti ti a l  to the pyroxene- i l meni te ,  and masses 
of mesostasi s .  Contacts are s harp , for the most p art , but many edges 
are very erose and uneven . 

NOTE : Some textural vari ati on was noted i n  thi s rock . See Drake and Wei l l  ( 1 971 ) for further di s cussi on . 
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Addi ti onal References : Haggerty et a l o  ( 1 970 ) .  

HI STORY AND PRESENT STATUS OF SAMPLES - 6-9-76 

1 0071 was removE!d from the Documented Samp le  contai ner (ALS RC # 1 004 )  and 
s p l i t  i n  the Vac Lab. A 1 2  gm chi p was sent to PCTL for PET  analys i s .  
Thi s chi p was then sent to the Gas Analys i s  Lab. Remai n i ng pri s ti ne s amp l es 
were re-exami ned i n  SSPL .  

P RI STI NE  SAMPLES (al l VAC-SSPL ) 
1 1 5 . 65 gm pi ece. Pi tted on fi ve s urfaces . 5 

7 1 5 . 34 gm consi sti ng of 2 l a rge pi eces , chi ps and fi nes 
No pi tted surfaces . 

RETURNED SAMPLES 

1 1  1 3 . 28 gm chi p .  Four s urfaces are pi tted .  

1 3  5 . 51 gm chi p .  Three p i tted surfaces . 

CHEMICAL ANALYSES 

Number of 
El ement Analyses Mean Un its  

s i 02 2 4 1 . 53 PCT 

A1 203 3 8 . 02 PCT 

T i 02 .., 1 2 . 01 PCT L 

FeO 2 1 8 . 05 PCT 

MnO 2 . 242 PCT 

MgO 7 . 30 PCT 

CaO 1 0 . 07 PCT 

Na20 3 . 477 PCT 

K20 3 . 307 PCT 

L i  1 1 7 . 0 PPM 

Range 

1 . 34 
. 491 

. 66 

2 . 25 

. 075 

0 
0 

. 1 1 2  

. 057 

0 
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CHEMI CAL ANALYSES 

Number of 
El ement Anal yses Mean U n i ts Range 

Rb 3 5 0 7 1 PPM o 73 

Cs 0 1 7  PPM 0 

Be 3 0 0  PPM 0 

Sr 3 1 57 0 2 PPM 30 0 6  

Ba 5 3 59 0 0  PPM 2200 

Sc 4 7 9 o  9 1  PPM 24 o 55 

v 3 86 o 33 PPM 1 4  0 

Cr203 3 o 359 PCT o l 34 

Cr  2290 0  PPM 0 

Co 4 28 o 64 PPM 6 0 55 

N i  1 7 o 0  PPM 0 

Cu 2 1 2  0 5 PPM 3 o 0  

y 1 62 0 0  PPM 0 

Zr 4 494 o 7  PPM 434 0 

Nb 1 24 0 0  PPM 0 

Ta 2 2 o 05 PPM 0 1 
Hf 3 1 7  0 1 5  PPM 3 o 35 

La 4 26 o 06 PPM 6 0 1 5  

Ce 3 81 0 83 PPM 6 0 0 

Nd 64 0 5  PPM 0 

Sm 3 20 0 23 PPM 4 o 7  

Eu 4 2 0 1 4  PPM 0 3  

Gd 29 o 3  PPM 0 

Tb 2 4 0 88 PPM 1 . 65 

Dy 2 32 o 25 PPM 2 0 5  

Ho 2 8 o 6  PPM 1 . 2 

Er 1 2 1 . 3  PPM 0 

Yb 3 l 8 o 98 PPM 5 0 1 5  
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CHEM ICAL ANALYSES 

Number of 
El ement Anal�ses Mean Units Range 

Lu 3 2 . 8  PPM . 63 
Th l 3 . 36 PPM 0 
u 3 . 730 PPM . 2 1 9  
Ga l 4 . 8  PPM 0 
Pb l l .  69 PPM 0 
0 40 . 3  PPM 0 

Analysts : Ehmann & Morga n ,  ( 1 970 ) ; Gal es et al . ,  ( 1 970) ; Annel l & Hel z ,  
( 1 970) ; Gast et a l . ,  ( 1 970 ) ;  Wanl es s  et a l . ,  ( 1 970 ) ; Stettl er et al . ,  
( 1 973 ) ; Stett-l er et a l . ,  ( 1 974 ) ;  Papanas tass iou et al . ,  ( 1 970) ; Eberhardt 
et al . ,  ( 1 974 ) :; Ehmann et a l . ,  ( 1 975 ) ;  Tatsumoto , ( 1 970) . 

Age References :: Stettl er et a l . , ( 1 973 ) ; Stettl er et a l . , ( 1 974) ; Armstrong 
and Al smi l l er ( 1 971 ) ;  Boschl er, ( l 97l b ) ;  Marti et al . ,  ( 1 970) ; Wanl ess , 
( 1 970 ) ; Eberhardt et a l . ,  ( 1 97 4 ) ; Eberhardt , ( l 97 l b ) ; Tatsumoto , ( l 970 ) ;  
Papanastass iou ,, ( 1 970) . 
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1 0072 , 0  

Ori ginal  PET Photo 
( S -69-47387 ) 

1 0072 , 80 
( S -76-22596) 

p cm . J  
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1 0072 

Samp l e  1 0072 i s  an angu lar  medi um l i ght grey ves i cul ar Bas a l t .  Thi s  s ampl e  
ori gi nal ly  111e i ghed 447 gms . and measured 1 0  x 8 x 4 em . I t  was ori g i na l ly  
returned i n  ALSRt # 1 004 ( Documented Samp l e  contai ner ) .  

B I NOCULAR DESCRIPTIONS 

ROCK TYP E :  Ves i cul ar Basa lt  

BY : Twedel l 

SAMPLE 1 0072 , 80 

DATE : 2- 26- 76 

WEIGHT: 1 73 gm 

COLOR : Medi um l i ght grey 

SHAP E :  Ang u l ar 

DIMENS IONS : 6 . 2  x 5 . 9  x 4 . 0cm 

COHERENCE : I n tergranu lar - fri abl e 
Fracturi ng - absent 

FABRI C/TEXTURE : I sotropi c/Equi gran u l ar ,  fi ne-gra i ned 

VARI AB I LITY : Homogeneous 

SURFACE : S urface areas are we l l  covered wi th ves i cl es whi ch range i n  
s i ze up to 1 em i n  di ameter. 

ZAP P I TS :  Few on N 1 ,  none on a l l  others . 

CAV IT I ES : 40% s urface coverage. I ns i de wal l s  of ves i c les are smooth , 
wi th very few wel l  defi ned crysta l s .  

COMPONENT 

Pyroxene 1 

P l agi ocl ase2 

Bl ack 3 
Semi -opaques 4 

COLOR 

Brown 

Whi te 

B l ack 
Dark 

1 )  Honey brown to a lmost b l ack. 

% OF 
ROCK S HAPE 

50 Ang u l ar to s ub-
angul ar 

30 S ub-angu l ar  to 
s ub-rounded 

1 0  S ub-rounded 
1 0  E l ongated 

S I ZE (MM) 
OOM. RANGE 

< . 1  <.  1 

< .  1 < .  1 

< .  1 < .  1 

• 1 < .  1 - . 3  

2 )  Two types of p l ag i oc lase ;  one i s  crystal l i ne ,  the other i s  s hocked 
p l agi ocl ase associ ated wi th i lmen i te .  

3 )  P robably part pyroxene and part mesos tasi s .  
4 )  E l ongated p l aty crysta l s  have the appearance of i lmeni te . 
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SECTION 1 0072 , 43 

THI N  SECTION DESCRIPTION 

SECTION : 1 0072 ,43 

Wi dth of fi e l d  2 . 22 mm p l ane l i ght 

BY : Wa l ton DATE : 6/l /76 

SUMMARY : Fi ne gra i ned , ves i cul ar i ntersertal basa l t composed of c l i no
pyroxene ,  p l agi ocl ase and i lmeni te .  Al l crysta l s  i n  the secti on 
s how some degree of deformati on wi th many hi ghly fractured and 
broken crysta l s .  Few of the crystal s  show wel l defi ned crystal 
faces and most  are somewhat rounded at  the edges . Many groups 

PHASE  · --
Pyrox 

Pl ag 

Opaq 

Meso 

of radi a l l y  aci cu l ar pyroxene- p l ag i ocl ase i ntergrowths are a l so 
present. These fan-shaped mas ses tend to be found near the voi ds 
i n  the secti on . There i s  g l as s  p resent i n  s ome of the crystal s 
p l us a gl ass-ri ch mesostasi s  between the crysta l l i ne phases . 

% OF SECTION SHAPE S I ZE (MM} 
49 Anhedra l to i rregu l ar  0 . 1 - 0 . 8  

25 Anhedra 1 to a ci cul ar 0. 01-0. 6 

20 Anhedral to euhedral 0 . 00 1 -0 .8  r 0 . 001-0 . 3  0 
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COMMENTS : 

Pyroxene - The cl i nopyroxene forms l arge anhedral crystal s  whi ch host 
the sma l l er  p l agi ocl ase and i lmen i te crystal s .  The crysta l s  are 
h igh ly g:ranu lated whi l e  g i vi ng the appearanc·e of a monocrystal . 
The col o·r of the crysta l s  i s  a l i ght p i nki s h  tan wi th s ome crystal s  
havi ng a yel l owi s h  cast .  Many of the ves i cl es are l i ned wi th very 
fractured pyroxene crys ta 1 s .  

Near many of the ves i cl es ,  radi ati ng cl usters of aci cul ar pyroxene 
crystal s ,  some associ ated wi th aci cular p l agi oclase crystal s ,  occur 
whi ch fOI"m fan-shaped mas ses . These masses of crysta l s  form di s
crete un 'i ts wi thi n the rock . 

P l agi ocl ase  - Two major types of p l ag i oc l ase occur i n  the rock. The 
1 arger anhedral crystal s  are s ke l etal , poorly formed and form 
i nters ti ti al masses between the pyroxene crysta l s .  The smal l er 
aci cul ar crystal s are l ath- l i ke and many have hol l ow centers fi l l ed 
wi th a g ·l as sy phase. These crysta l s  form i nte rgrowths wi th 
aci cul ar pyroxene crys ta l s  i n  fan-shaped mass es . 

I ntermi ng led among the pyroxene and p l agi ocl ase  crysta l s  are patches 
of gl ass-- ri ch materi al . Thi s  g l assy mesostas i s  forms i rregul ar 
patches and voi d fi l l i ngs . The col or  vari es from clear to brown . 
The mas SE!S are more or l es s  evenly di spensed throughout the rock .  

Opaques - The major opaque phase i n  the section i s  i lmeni te .  Two 
generati ons of crys ta 1 s are present i n  the rock .  The fi rst type 
forms vet� ske l etal crys tal s  wh i ch conta i n  i ncl us i ons of the 
s i l i cate mi neral s .  These crystal s  are s ubhedral i n  part, b ut 
most haVE! l os t  thei r ori gi nal form. The maj ori ty of the crysta l s  
are l ath- l i ke and appear a s  aci cul ar b l ades i n  the secti on . A 
few of the l arger crystal s  contai n sma l l  ruti l e  exsol uti ons .  

Smal l masses of troi l i te and troi l i te wi th i ron-ni ckel i nc l us i ons 
are a l so  present i n  the secti on. These form sma l l 0 . 001 mm to 
0 . 2  mm ma:sses and are for the mos t  part i sol ated i n  the s i l i cate 
crystal assemb l age . 

TEXTURE : Porphyri ti c i nterserta l bas a l t  con s i s ti ng of a network of 
pyroxene phenocrys ts that are i ntergrown wi th l arge , anhedral 
i lmeni te prisms .  Occurri ng i nters ti ti al  to the pyroxene- i lmeni te 
network a.re p l agi ocl ase tab l e ts that are i ntergrown wi th the edges 
of the pyroxene phenocrysts , aci cu 1 ar pyroxene-p 1 agi oc 1 ase i nter
growths , smal l euhedra l i l meni te crysta l s ,  and anhedral masses of 
mesostas i s  and p l agi ocl ase . Contacts are sharp , for the most part , 
but some edges are very erose and uneven.  
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Sel ected References : Haggerty et a l .  ( 1 970 ) ,  Kushi ro and Nakamura 
( 1 970 ) ,  Simpson and Bowi e ( 1 970 ) ,  Smi th , J . W .  
et  a l . ( 1 970 ) .  

H I STORY AND P RESENT STATUS O F  SAMPLES - 6-28-76 

1 0072 was removed from the Documented Samp l es contai ner (ALSRC #1 004) 
and sp l i t  i n  the Vac Lab . A 29 gm chi p was sent to PCTL for P ET analys i s .  
The remai n der was sent to RCL for garrma .ray counti ng . Upon i ts return , 
thi s p iece was sp l i t  further i n  the Vac Lab. Remai n i ng pri s ti ne s amp l es 
were re-exami ned in SSPL . 

P RI STI NE  SAMPLES : (Al l VAC-RCL-VAC-SSPL ) 
1 9  

80 

1 39 

40. 26 gm 

1 43 . 92 gm 

28. 28 gm 

RETURNED  SAMPLES : 

1 5  1 5 . 30 gm 

21 . 65 gm 

6 . 78 gm 

41 
1 09 

Number of 
El ement Analyses 

S i 02 3 

Al 203  4 

Ti 02 4 

FeO 3 
MnO 4 
MgO 3 

Ei ght chi ps . No pi tted surfaces . 

Pi ece. One surface i s  pi tted 

El even chips from ,80. No pi ts on any 
p i eces . 

Chi p .  One pi tted s urface. 

Pi ece. P revi ous ly l i s ted as 1 001 8 , 24. 
Two pi eces .  Al l surfaces are fresh .  

CHEMI CAL ANALYSES 

Mean Units Range 

40 . 64 PCT . 70 

8 . 01 PCT 1 . 04 

1 2 . 1 7  PCT 2 . 33 

1 9 . 65 PCT . 4 3  

. 244 PCT . 068 

7 . 48 PCT . 741 



1 0072 3 5 3 

CHEMICAL ANALYSES 

Number of 
E l ement Anal�ses Mean Uni ts Range 

CaD 4 1 1 . 49 PCT 4 . 06 
Na20 4 . 504 PCT . 1 2 1 
K20 6 . 284 PCT . 1 49 
PzO s 3 . 1 70 PCT . 030 

H . 76 CC/G 0 
L i  3 1 5 . 0  PPM 2 .  
Rb 6 5 . 58 PPM . 98 
Cs 2 . 230 PPM . 1 4 1 
Be 3 3 . 1 33 PPM 1 . 3 
Sr 5 1 54 . 76 PPM 38 . 6  
Ba 3 343. PPM 1 30 . 0  
Sc 3 86 . 3  PPM 1 9 . 0  
v 4 60 . 5  PPM 60 . 
Cr203 4 . 364 PCT . 085 
Co 6 28 . 7  PPM 22 . 8  
N i  5 1 5 . 42 PPM 24 . 99 
Cu 5 1 4 . 44 PPM 1 7 . 06 
Zn 5 1 3 . 7 1 PPM 32 . 28 
y 4 1 85 . 5  PPt·1 9 5 .  
Zr 4 551 . 75 PPM 260 . 
Nb 3 3 1 . 0  PPM 22 . 
Mo . 4 PPM 0 
Pd 2 . 052 PPM . 097 
Cd 3 . 340 PPM . 994 
Ta 2 3 . 4  PPM 3 . 2  
w 1 . 42 PPM 0 
H f  2 1 5 . 0  PPM 6 . 0  
Os . 004 PPM 0 
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CHEM I CAL ANALYSES 

Number of 
El ement Analyses Mean U n i ts Range 

Lr 2 . 200 PPB . 400 

Au 3 . 1  00 PPB . 060 

Hg 5 . 50 PPB 0 

La 4 31 . 42 P PM 20 . 3  

Ce 3 86 . 33 PPM 27 . 

Pr 2 1 8 . 0  PPM 4 .  

Nd 3 62 . 67 PPM 39 . 

Sm 3 22 . 3  PPM 1 0. 1 

Eu 3 2 . 09 PPM . 2 

Gd 2 28 . 5  PPM 5 .  

Tb 3 4 . 7  PPM 3 . 8  

Dy 2 38 . 1  PPM 1 3 . 8  

Ho 2 8 . 4  PPM 3 . 2  

Er 2 25 . 5  PPM 1 9 .  

Tm 1 2 . 8  PPM 0 

Yb 4 1 6 . 4  PPM 26 . 

Lu 3 3 . 28 PPM 2 . 76 

Th 7 3 .  51 P PM 2 . 0  

u 4 . 699 PPM . 357 

B 1 4 . 0  PPM 0 

Ga 5 4 . 49 PPM . 9 

I n  1 . 052 PPM 0 

Tl 1 . 920 PPB 0 

Ge 2 . 58 PPM 1 . 04 

Sn .4 PPM 0 

Pb 2 2 . 30 PPM 1 . 40 

w 1 1 0 .  PPM 0 



El ement 

As 

Sb 

Bi 

s 
Se 
F 

Cl 

Br 

I 

Number of 
J\na lyses 

l 

l 

2 
l 

3 

1 0072 

CHEM I CAL ANALYSES 

Mean Uni ts 

. 05 PPM 

. Ol PPM 

. 730 PPB 

. 235 PCT 

. 1 88 PPM 

271 . 0  PPM 

1 4 .  PPM 

. l  02 PPM 

. 37 PPM 

3 5 5  

Range 

0 

0 

0 
. 01 

0 

0 

0 
. 1 64 

0 

Ana lysts : Compston et a l . ,  ( 1 970 ) ; Maxwel l et a l . ,  ( 1 970 ) ;  Morri son 
et a l . ,  ( 1 970 ) ;  Ganapathy et a l . ,  ( 1 970 ) ;  Annel l & Hel z ,  ( 1 970) ; Gopa l on 
et a l . ,  ( 1 970 ) ;  O ' Kel l y  et a l . ,  ( 1 970 ) ;  Hurl ey & Pi nson , ( 1 970 ) ;  Anders 
et a l . ,  ( 1 971 ) ;  Reed & Jovanov i c ,  ( 1 970 ) ;  Wasson & Baedecker , ( 1 970 ) ; 
Hask i n et a l . ,  ( 1 970) ; Herzog & Herman , ( 1 970 ) ; Si l ver ,  ( 1 970) ; Wri g l ey 
& Quai de ,  ( 1 970) . 

Age References : D ' Amico et a l . ,  ( 1 970 ) ; Turner ( 1 970 ) ; 0 '  Kel ly et a l . ,  
( 1 970 ) ; Eberhardt ( 1 970 ) ;  S i l ver ( 1 970 ) . 
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1 0073 ,0 
Ori g i na l  PET Photo 

( S -69 -47290 )  

1 0073 , 1  
( S -76-22592) 

em 
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Samp l e  1 0073 i s  a rounded medi um dark grey mi crobrecci a .  Thi s samp l e  
ori gi na l ly we i ghed 1 25 gm, and measured 5 x 3 x 2 em. It was ori g i na l l y  
returned i n  ALSRC # 1 004 ( Documented Samp l e  contai ner ) .  
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B I NOCULAR DESCRI PTION 

ROCK TYP E :  M i  crobrecci a 

BY : Twede l l  

SAMPLE : 1 0073 , 1  

DATE : 2/27/76 

WEIGHT: 68. 0 gm 

COLOR :  Medi um dark grey 

SHAP E :  Rounded 

DIMENS IONS : Four s ubequa l p i eces 

COHERENCE : I n tergranu l ar - Fri ab le  
Fracturi ng  - Few, non-penetrati ve 

FABRI C/TEXTURE : Ani sotrop ic/Mi crobrecci a 

VARI AB I LI TY :  Homogeneous 

SURFACE : Smooth and rounded on exposed (pi tted ) s urfaces ,  to ang u l ar 
on fresh s urfaces . 

ZAP P I TS :  Fe111 on T - face of l arges t pi ece. None on any other pi eces . 
P its  are g l as s  l i ned up to 1 . 2mm i n  di ameter. 

CAV I TI ES :  Absent 

COMPONENT COLOR 

t�atri X Dk Grey 

Wh i te Cl as t  Wh i te 

Basa l t C l ast Honey Brown 
B 1 ack/Whi te 

Sal t/Pepper C l ast  B l ack/Whi te 

% OF 
ROCK 

98 

< l  

1 

< l  

S I ZE (MM )  
SHAPE DOM. RANGE 

Sub-angular 

Sub- rounded 

Sub-rounded 

0 . 9  0. 2- 1 . 0  

1 . 0  0 . 6-3 .0  

0 .  8 0 . 4- 1 .  5 
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SECTION 1 0073 ,27 

THIN  SECTION DESCRIPTION 

SECTION : 1 0073 , 27 

Wi dth of fi e l d  1 . 39 mm p l ane l i ght 

BY : Wal ton DATE :  6/29/76 

SUMMARY : Partly devi trified typi cal  brecci a wi th a l ow l i th i c c l ast 
content. Approximately one quarter of the secti on has a l i g ht 
brown matri x whi l e  the remai nder of the secti on has a dark 
brown matri x. There i s  a h igher concentrati on of mi neral 
c lasts i n  the l i ghter brown matri x than the darker, 

PHASE 

Dark Brown 

L ight Brown 

PHASE 

Pyroxene1 

% SECTION 

75 

25 

MATRIX 58% OF ROCK 

SHAPE S I ZE (MM) 
<0 .001  

< 0 ,001  

M I N ERAL CLASTS 29% OF  ROCK 

RELATI VE ABUNDANCE SHAPE 

Very abundant Angul ar to i rregu l ar 

COMHENTS : 

H i g h  gl ass con
tent :  l i ght  brown 
has h igher mi nera l 
c last  content. 

S I ZE (MM) 
0 . 00 1 -0 . 6  



P l agi ocl ase2 Moderate 

Opaques 3 Fe\t 

1 0073 

B l ocky to i rregu l ar 

B l ocky to s ke l etal 

1 )  Strai ned fragments ; poor opti ca 1 characteri s ti cs 
2 )  Loca l ly abundant ; not even ly di s tri buted 
3 )  Large b l ocky fragments ; crystal more skel etal i n  cl as ts 

L ITH I C  CLASTS 8% O F  ROCK 

TYPE RELATI VE ABUNDANCE S HAPE 

Sma 1 1  Very abundant Rounded to i rreg u l ar 

Large4 Si x present Rounded to i rregul ar 

0. 001 -0 . 4 

0 . 00 1 - 0 o 4  

S I ZE (MM ) 
0 . 001 - 1 . 0  

>1 . 0 

4)  a .  Fi ne-�Jrai ned gl ass-ri ch matri x wi th mi nera l and  rock fragments o 

b .  Coarse-grai ned bas a l t  consi s ti ng of pyroxene , p l agi ocl ase and 
i lmeni te. 

TYPE 

c. Fi ne-9rai ned g l ass-ri ch matri x wi th mi nera l and rock fragments . 
d. Gl ass-·ri ch matri x enc los i ng sma l l  crysta l l i tes of pyroxene and 

p l agi ocl ase. 

e .  Coarse-grai ned bas a l t  whi ch appears to have been crushed. M i n
era l  i denti fi cati on di ffi cul t.  

f.  Fi ne-9rai ned mi nera l aggregate of pyroxene and p l agi ocl ase wi th 
some 9 l ass i n  the matri x .  

GLASS CLASTS 5% OF  ROCK 

RELAT I1E ABUNDANCE SHAPE S I ZE (MM) 
Yel l ow-Oranges 

Pa l e  Yel l ow
Whi te6 

Very abundant 
Moderate 

I rregu l ar to spheri cal 0 . 00 1 - 0 . 5  

Spheri cal to i rregu l a r  O o 00 1 - 0 o 8  

5 )  Most  angul ar s hards ; few spheres 
6 )  Several spheres ; more devi tri fi cati on than other type g l as s o 

Sel ected RE!ferences : Fredri ksson et  a l . ( 1 970 ) .  

HI STORY AND PRESENT STATUS OF SAMPLES 6/29/76 
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1 0073 was removed from the Documented Samp l e  contai ner (ALSRC # 1 004 ) and 
sp l i t  i n  the Vac Lab. Remai n i ng pri sti ne s amp l es were re-exami ned i n  SSPL.  



36 0  1 0073 

PRI STI N E  SAMPLES : (Al l VAC-SSPL ) 

68. 40 gm Four p i eces . Few p i ts on one pi ece ; None on 
others . 

2 1 0 . 90 gm Chi ps and fi nes . 

NO RETURNED SAMPLES 

CHEMI CAL ANALYSES 

Number of 
El ement Anal yses Mean Un i ts Range 

S i02 43 . 85 PCT 0 
Al 203 2 1 3 . 98 PCT . 38 

T i02 8 . 1 7  PCT 0 
FeD 1 6 . 2 1 PCT 0 

MnO 2 . 223 PCT . 039 

!•!gO 7 . 79 PCT 0 

CaD 1 2 . 45 PCT 0 

Na20 3 . 459 PCT . 038 

K20  2 . 1 44 PCT . 0001 

L i  1 1 . 0 PPM 0 

Rb 3 2 . 6 1 PPM . 79 
Cs 1 . 098 PPM 0 

Be 2 . 1 0  PPM 0 

Sr 2 1 63 . 75 P PM 7 . 5  

Ba 2 207 . 5  PPM 65 . 0  

Sc 2 63 . 0  PPM 2 . 0  

v 2 74 . 0  P PM 1 6 . 0  

Cr203 2 . 309 PCT . 063 

Co 2 30. 05 PPM 2 . 1 0  



1 0073 361 

CHEM I CAL ANALYSES 

Number of 
El ement Anal.zses Mean Uni ts Range 

N i  l 1 99 .  PPM 0 

Cu 2 1 6 . 5  P PM 5 . 0  

Zn 23 .  P PM 0 

y l 89 . P PM 0 

Zr 322 . 0  P PM 0 

Nb 1 4 . 0  P PM 0 

Ag l . 1 63 P PM 0 

Ta 1 . 6 P PM 0 

Hf 8 . 9  PPM 0 

La 2 1 6 . 9  P PM 8 . 2  

Ce 2 47 . 25 P PM 1 . 50 

Nd l 3 5 . 4  P PM 0 

Sm 2 l l  . 95 P PM . 9  

Eu 2 1 . 65 P PM . l 

Gd 1 5 . 9  P PM 0 

Dy 1 8 . 3  PPM 0 

Ho 5 . 0  P PM 0 

Er 1 1 . 4 P PM 0 

Yb 2 9 .  1 5  P PM 3 . 9  

Lu 2 1 . 66 PPM . 2  

u . 45 PPM 0 

Ga 3 . 70 P PM 0 

0 4 1 . 40 PCT 0 

Analysts : Ehmann & Morgan , ( 1 970) ; Gol es et a l . ,  ( 1 970) ; Annel l & Hel z ,  
( 1 970) ; Gast et a l . ,  ( 1 970 ) ; Gi bson & Johnson , ( 1 97 1 ) ;  Ganapathy et al . ,  
( 1 970 ) .  

No Age References 
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1 0074, 0  
Ori gi na l  PET Photo 

( S -69 -47372 )  l cm 

1 0074 , 1  
( S-7 6-20395 )  
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1 0074 

Samp l e  1 0074 i s  an angul ar ,  medi um dark grey mi crobrecci a .  Thi s  s amp l e  
ori gi na l ly wei ghed 5 6  gm. and meas ured 8 . 2 x 4 . 6  x 3 . 8cm . The samp l e  was ori g
i n a l ly  returned i n  ALSRC # 1 004 ( Documented Samp le  contai ner ) .  

B INOCULAR DESCRI PTION 

ROCK TYPE : Mi cr·obrecci a 

COLOR : Medi urn clark grey 

SAHPE :  Angul ar 

COHERENCE : I n tergranul ar - Coherent 

BY : Twedel l DATE : 1 2/24/75 

SAMPLE : 1 0074 , 1  WEIGHT : 55 gm 

DIMENSI ONS : 6 x 4 x 3 em. 

Fracturi ng - Few penetrati ve , few non-penetrati ve 

FABRI C/TEXTURE : Ani sotropi c/Mi crobrecci a 

VARIAB I LITY :  Homogeneous 

SURFACE : Smooth on B 1  to hackly on W 1-N 1 .  Some g l ass coati ng on T 1  face .  

ZAP P ITS :  None apparent on any face .  

CAVITI ES : Absent 

COMPON ENT 

Matri x 

Brown C l ast  

Whi te C l as t  

Grey & Whi te 
Cl ast 

COLOR 

Med. Dark Grey 

Lt.  Brown 

Whi te 

Dk.  Grey & 
Whi te 

% OF 
ROCK 

96 

2 

1 

1 

SHAPE 

Angul ar to s ub
angu l ar 

Subangul ar to 
s ubrounded 

Subangu lar to 
s ub rounded 

' S IZE  ( MM )  
OOM. RANGE 

0 . 6  <0, 1 - 1 . 0  

1 , 0  <0, 1 - 2 o 5  

< 1 . 0  <0, 1 - 1 . 0  

Speci a l  Features : Thi s  samp l e  has an unus ual amount of honey brown 
mi nera l c lasts whi ch are very few or non-exi stent 
i n  other samp l es ;  There are 4 or 5 fractures that 
are fi l l ed wi th a ves i cu l ar b l ack gl as s .  The g l ass 
texture is  l i ke b l ack s cori a .  The fi l l ed fractures 
have more than one ori entati on . The g l as s  fi l l i ng i s  
3-Smm thi cko  ( PET) < 
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SECTION : 1 0074 , 7  

THIN SECTION DESCRI PTION 

SECTION : 1 0074, 7 

1 0074 

Wi dth of fi e l d 2 . 72 mm p l ane l i ght  

BY : Wal ton DATE : 6/30/76 

SUMMARY : Partly devi tri fied typi cal brecc ia  wi th a rel ati ve ly l ow l i th i c 
cl ast content. Al l the l i th i c  cl asts present are rel ati ve ly  
sma l l  wi th no  l arge cl asts .  

PHASE 

Dark Brown 

% OF SECTION 

1 00 

MATRI X  6 1 %  OF ROCK 

SHAPE S I ZE · .  (MM) 
< 0. 001 

COMt4ENTS : 

H i gh g l as s  content; 
very turb i d ful l  
of sma l l  crysta l -
1 i tes .  



PHASE 

Pyroxene1 

P l ag i ocl ase2 

Opaq ues 3 

1 0074 

MINERAL CLASTS 33% OF ROCK 

RELATI VE ABUNDANCE 

Very abundant 

Few 
Few 

S HAPE 

Angu l ar  to i rregu l ar 

B l ocky to i rregu l ar 

B l ocky to i rregu l ar 

1 )  Poor opti cal  characteri sti cs . 
2 )  Wi dely scattered;  poor opti cs . 
3 )  Large , b l ocky i n  matri x ;  dendri ti c i n  c l asts .  

LITHI C CLASTS 3% OF ROCK 

TYPE  RELATI VE ABUNDAN CE SHAPE 

Sma l l  Very abundant Rounded to i rregu l ar 

Large None 

GLASS CLASTS 3% OF ROCK 

TYPE  RELATIVE  ABUNDANCE SHAPE 

Ye 1 1  ow-OrangeLf Very abundant Ang u l ar to spheri cal 

Col orl ess 5  Moderate Ang ul ar to spheri cal 

4 )  Most ang ul ar shards ; many i rregu l ar masses . 
5 )  Some spheres , mos t  shards , many bl ocky . 

HISTORY AND PRESENT STATUS OF SAMPLES 6/30- 76 

365 

S I ZE (r1M) 

0 . 00 1 -0 . 6  

0 . 001 -0 . 1 

0 . 00 1 -0. 3 

S I ZE (MM) 
0 . 00 1 - 1 . 0  

< 1 . 0  

S IZE (MM) 
0. 00 1 - 0 . 4  

o .  00 1 -0 . 5  

1 0074 was removed from the Documented S ampl e conta i ner (ALSRC # 1 004 ) i n  
the Vac Lab . I t  was used i n  the magneti cs experi ment .  I t  was then s p l i t  
i n  SPL.  Rema i n i ng pri s ti ne s ubsamp les were re-exami ned i n  SSPL .  

PR ISTINE SAMPLES : (VAC-SPL-SSPL ) 
1 

4 

55. 01 gm 
0 . 54 gm 

NO RETURNED SAII1PLES 

Parent rock . 
One sma l l chi p .  No pi ts .  
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CHEMICAL ANALYSES 

Number of 
E lement Analyses Mean Un its Range 

S i02 41 . 29 PCT 0 
Al 203 2 1 4 . 36 PCT 2 . 26 

T i 02 7 . 84 PCT D 
FeD l 1 5 . 3 1 PCT D 
MnO l . 1 83 PCT D 
MgD 1 6 . 80 PCT D 
CaD l 1 3 . D l  PCT D 
Na20 l . 5D6 PCT D 
Ba l 28D . D  PPM D 
Sc 1 53 . 7  PPM D 
v l 78 . D PPM D 

Co l 3D . 90 PPM D 

Cu l 1 D . OD PPM D 
Zr l 50D . O  PPM D 
Ta l 1 . 0 PPM D 
Hf 1 1 1 . 9 PPM D 

La l 1 3 . 8 PPM D 
Ce 2 50 . 75 PPM 8 . 5  

Sm l l .  50 PPM D 
Eu 1 .  7 3  PPM D 
Tb l 2 . 8D PPM D 

Ho 1 5 . 0  PPM D 
Yb l l 2 . D  PPM 0 

Lu 1 . 7 PPM D 
u 1 . 49 PPM D 
D , 42 . 1 0  PCT 0 I 

Analysts : Ehmann & Morgan , ( 1 970 ) ; Gal es et a 1 .  , ( 1 970) ; Gast et a1 . ,  
( 1 970 ) .  
No Age References 



1 0075 ,0  
Ori g i na l  PET Photo 

( S -69-47362 )  

1 007 5 , 3  
( S -76-2032 1 ) 

367 

2 cm  
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1 0075 

S ampl e 1 0075 i s  a sub-angu l ar ,  medi um grey , fi ne brecci a .  Thi s  sampl e ori 
gi nal ly wei ghed 53gm and measured 8xl 0x3 . 2cm . I t  was ori g i na l l y  returned i n  
ALSRC #1 004 ( Documented Sampl e conta i ner) . 

B I NOCULAR DESCRI PTI ON 

ROCK TYPE : Fi ne Brecci a 

COLOR: Med i um Grey 

SHAPE : S ub-angu l a r  

BY : Kramer 

SAMPLE : 1 0075 , 3  

DIMENS I ONS : 5 . 5  x 3 x 3 em 

COHERENCE : I ntergranu l ar - coherent 
Fracturi ng - absent 

FABRI C/TEXTURE : Ani sotropi c/F ine Breccia 

VARI ABI LITY : Homogeneous 

DATE : 1 /2/76 

WE I GHT : 36 . 29gm 

SURFACE : N 1  has two areas whi ch are smoothed wi th s tri ati ons . The areas 
l ook l i ke s l i ckensi des . Other faces are hack ly .  

ZAP P ITS :  T 1 ' S 1 - many . N 1 - few . Others - none . 

% OF 
COMPONENT COLOR ROCK SHAPE 

Matri x Med . Grey 93 

Ba sal t Cl ast Lt . Grey 2 Sub-rounded 

Grey Cl ast 1  Med . Grey 1 Sub-rounded 

Sal t & Pepper B 1 k/Whi te <1 Sub-rounded 
C l as t  

Mi neral Cl ast Dk . Brown 3 Angu l ar to s ubrounded 
& Whi te 

Li thi c Cl ast2 Med . Grey <l Angul ar 

1 )  L i ghter co l ored than matri x .  
2 )  On E 1 ,  there i s  a brecci a cl ast (wel ded brecci a ) . 

S I ZE ( MM )  
DOM. RANGE 

2 . 0  . 5- l  • 0 
1 . 0 . 05-3 . 0  

1 . 0 . 5-l . 3 

0 . 5  <2  

2 



1 007 5 

SECTION : 1 0075 , 1 4  W i dth of fiel d 1 . 39mm p l a ne 1 i ght  

3 6 9 

TH I N  S ECTI ON DESCRI PTI ON BY : Wal ton DATE : 6/30/76 

S UMMARY : Partly devi trifi ed typ i cal brecci a with several i nterest ing  
l arge l i thi c cl asts . Mos t are poi k i l i t i c  wi th e i ther pl ag
i ocl ase or pyroxene as the host and pyroxene or ol i vi ne as 
the i ncl uded crystal s .  

MATRI X 5 5% OF ROCK 
PHASE % SECTION SHAPE S I ZE ( MM) COMMENTS : 

Brown to pa l e  brown 1 00 <0 . 001 H i gh gl ass content ; 
tran s l ucent to 
nearly trans parent 

PHASE 

Pyroxene 1 

Pl agi ocl ase 2  
Opaques 3 

MINERAL CLASTS 21 % OF ROCK 
RELATIVE ABUNDANCE SHAPE 

Very abundant 

Moderate 

Few 

Angu l ar to irregu l ar 

B l oc ky to i rregul ar 

B l oc ky to s kel etal 

S I ZE (MM) 
0 . 001 -0 . 3  

0 . 001 -0 . 2  
0 .  001 -0 . 1  
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1 )  H i gh ly  fractured;  poor opti cal characteri sti cs . 
2 )  Many show no twi n pl anes ; some polygranu l ar .  
3 )  Most i n  matri x ;  few i n  cl asts . 

TYPE 

Smal l 

Large4 

4) a .  

TYPE 

b .  

c .  
d .  

L ITH I C  CLASTS 1 9% OF ROCK 

RELAT I VE ABUNDAN CE SHAPE 
Very abundant  Rounded to i rregu l ar 

Four present Rounded to i rregu l ar 

S I ZE (MM) 
0 . 00 1 -1 . 0  

> 1 . 0  
Very fi ne-grai ned b l ack matri x hos ti ng m i nera l  and rock fragments . 
Matri x i s  opaque .  Many sma l l  i l men i te crystal s i.n matrix .  
Fi ne-gra i ned yel l ow brown sem i trans l ucent matri x host i ng numerous 
mi nera l  fragments . 
Large poi k i l i ti c  pyroxene crysta l s hos ti ng sma l l ol i v i ne crystal s .  
Crushed random array of pl agi ocl ase crystal s hosti ng sma l l i rregul ar 
masses of pyroxene . 

GLASS CLASTS 5% OF ROCK 

RELATI VE ABUNDANCE SHAPE S IZE (MM ) 
Yel l ow-Orange5 Very abundant Spheri cal to i rregul ar 0 . 001 -0 . 2  
Co l orl ess6 Abundant Angu l ar 0 . 001 -0 . 3  
5 )  Al most a l l spheres or part spheres ; few shards . 
6 )  Al l angu l ar shards some l arge ; no spheres present ;  some devi tri f ication . 

H ISTORY AND PRESENT STATUS OF SAMPLES - 6/30/76 

1 0075 was removed from the Documented Sampl e contai ner (ALSRC # 1 004 ) and 
spl i t  in the Vac Lab . Remai n i ng pri st ine  sampl es were re-exami ned i n  SSPL . 

PRI STI NE SAMPLES : 

3 
1 1  

36 . 29 gm 
0 . 1 2  gm 

RETURNED SAMPLES 

None 

Parent brecci a .  For descri pti on see F-8. 
Smal l representati ve ch i p  sent for thi n secti on .  



1 0075 3 7 1  

CHEMICAL ANALYSES 

Number of  
El ement Ana lyses Mean Un its Range 

Si 02 42 . 36 PCT 0 

Al 203 2 1 4 . 64 PCT l .  32 

Ti 02 1 7 .  5 1  PCT 0 

FeO 1 5 . 57 PCT 0 

MnO 1 . 200 PCT 0 

MgO 1 7 . 79 PCT 0 

CaO 1 1 1 . 89 PCT 0 

Na20 . 452 PCT 0 

Ba 430 . 0  P PM 0 

Sc 56 . 8  PPM 0 

v 85 . 0  P PM 0 

Co 1 28 . 7  PPM 0 

Cu 1 1 0 . 0  PPM 0 

Zr 1 390 . 0  PPM 0 

Ta 1 1 . 4 PPM 0 

Hf 1 8 . 8  PPM 0 

La 1 1 4 . 9  P PM 0 

Ce 2 48 . 25 PPM 3 . 50 

Sm 1 1 1 . 5 PPM 0 

Eu 1 1 . 62 P PM 0 

Tb 3 . 1 PPM 0 

Ho 1 5 . 4  PPM 0 

Yb 1 1 . 2 PPM 0 

Lu 1 1 . 89 P PM 0 

u 1 . 52 PPM 0 

0 1 40 . 40 PCT 0 
Ana l ysts : Ehmann & Morgan , ( 1 970 ) ; Gal e s  et a1 . ,  ( 1 970 ) . 

No Age References 
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1 0082 ' 1 
( S-76-20463 )  
No  PET Photo 
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1 0082 

Sampl e 1 0082 i s  a rounded to subrounded, dark grey to bl ack ,  mi crobrecci a .  
Thi s s ampl e  or-i gi n a l ly  wei ghed 50gm, and was returned i n  ALSRC # 1 004 ( Docu
mented S ample contai ner) . 

B I NOCULAR DES CRI PTI ON 

ROCK TYPE : Mi c: robrecci a 

BY : Twedel l 

SAMPLE : 1 0082 , 1  

DATE : 1 / 6/76 

WE IGHT: 48 gm 

COLOR : Dark grey/bl ack DIMENS I ONS : 4 . 5  x 3 x 2 . 6  em 

SHAPE : Rounded to su brou nded 

COHERENCE : Intergranu l ar - Moderatel y  coherent 
Fractu ri ng - Few, non -penetrati ve 

FABRI C/TEXTURE : Ani s otropi c/Mi crobrecci a 

VARIAB I LITY :  r omogeneous 

SURFACE : Smal l patches of bl ack gl ass coati ng on the S 1  face . 

ZAP PITS : Many on B 1 .  Few on E 1 ,  T 1 • None on N 1 ,  S 1 •  P i ts are g l ass 
l i ned and are < lmm in s i ze .  

CAVITI ES : Absent 

% OF S I ZE ( MM )  
COMPONENT COLOR ROCK SHAPE DOM . RANGE 

Matri x Dk . Grey 97 - - - - - -
to B l ack 

B asal t C l as t  B l k/Whi te 2 Angu l ar to subangu l ar <l < l -3 
and Brown 

Whi te Wh i te < l  Rounded to a ngu l ar . 8  < l  

Grey & Whi te Dk . Grey < 1  Rounded to angul a r  . 8  < l  
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SECTION : 1 0082 , 8  

TH I N  SECTION DESCRI PTION 

l 0082 

Wi dth of fi el d l . 39mm pl ane l i ght 

BY : Wal ton DATE : 6/29/76 

SUMMARY : Partly devi tri fi ed typi cal brecci a  wi th no l arge l i th i c  cl asts . 

PHASE 

The secti on cons i sts of only two smal l chi ps and i s  the only  sec
ti on avai l abl e .  Due to the smal l s i ze of the chi ps ,  the l arger 
cl as ts may have been excl uded . 

MATRI X  59% OF ROCK 

SHAPE COMMENTS : 

L i ght to 
medi um brown 

% SECTION 

l 00 

S I ZE( MM) 

<0 . 001 H i gh g l ass content 
w ith  many crystal 
fragments and crys
tal l i tes . 
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M INERAL CLASTS 21 % OF ROCK 

PHASE RELAT I VE ABUNDANCE SHAPE S I ZE ( MM) 
Pyroxene 1 Very abundant Angu l ar to i rregu l ar 0 .  001 -0 . 4  
P l agi ocl ase2 Few I rregu l ar to bl ocky 0 . 001 -0 . 2  
Opaques 3 Moderate S kel eta l to b l ocky 0 . 001 -0 . 2  

1 )  Fractured ; poor opti cal characteri sti cs 
2 )  Poor twi nni ng ; poor opti cs 
3) Some l arge troi l i te ;  most  skel etal i l meni te 

L ITH I C  CLASTS 1 2% OF ROCK 

TYPE RELATI VE ABUNDANCE  SHAPE S IZE (MM ) 
Sma 1 1  Very abundant Rounded to i rregu l ar 0 . 001 - 1 . 0 

Large None > 1 . 0  

GLASS CLASTS 8% OF ROCK 

TYPE RE LAT IVE ABUNDANCE SHAPE S I ZE (MM ) 
Yel l ow-Orange4 Very abundant Spheri cal to angul ar 0 . 001 -0 . 2 
Greenish Yel l ow5 Two pi eces B l ocky to i rreg u l ar 0 . 4 -0 . 5  

4 )  Approxi matel y hal f s pheres and hal f sh ards ; some dev i tri fi cati on . 
5 )  I rregu l ar pi ece hosti ng col orl ess gl ass mas ses ; b l oc ky pi ece wi th 

bubbl es and some devi tri fi cati on . 

H I STORY AND PRESENT STATUS OF SAMPLES - 6/29/76 

1 0082 was removed from the Documented Samp l e  contai ner ( ALSRC #1 004 ) and 
spl i t  i n  the Vac Lab . Remai n i ng subsampl es were re-exami ned i n  SSPL . 

PRI STINE SAMPLES : ( VAC-SSPL ) 
1 48 . 0  gm 
5 0 . 5  gm 

NO RETURNED SAMPLES 

NO CH EMI CAL OR AGE DATES . 

P iece .  Four pi tted su rfaces . 
Ch i ps and fi nes . 
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1 0084 

1 0084 was the generi c n umber assi gned to the < lmm s i eve fracti on of the Bul k  
S ampl e fi �es (ALSRC #1 003 ) . These sampl es were removed from the conta i ner 
and sp l i t  in the B i o -Prep Lab . Subsampl es of 1 0084 were not phys i ca l ly 
re-exami ned . Thi s samp l e  o ri g i nal ly wei ghed 3830 gm. 

PRISTI NE SAMPLES : ( A 1 1  BP-SSPL ) 
7 5 . 1 0  gm Fi nes 

36 1 0 . 90 gm Fi nes 
95 5 . 04 gm Fi nes 

1 37 1 . 85 gm Fi nes 
1 59 232 . 7  gm Fi nes 
1 60 1 9 . 89 gm Fi nes 
1 62 4 .  77 gm Fi nes 
1 63 22 . 25  gm Fi nes 
1 64 60 . 60 gm Fi nes 
1 65 652 . 8  gm Fi nes 
1 68 . 06 gm Fi nes 
1 69 1 . 23 gm Fines 
246 • 1 5  gm Fi nes 

RETURNED  SAMPLES : 

24 6 .  773 gm Fi nes 
27 1 0 . 58 1  gm Fi nes 
43 9 .  31 gm Fi nes 
70 8 . 1 1 3 gm Fi nes 
83 5 . 01 2  gm Fi nes 
93 8 . 386 gm Fi nes 627 1 7 . 928 gm Fi nes 
94 1 0 . 436 gm Fi nes 628 1 2 . 663 gm Fi nes 

1 35 6 .  77 gm Fi nes 789 8 .  555 gm Fi nes 
1 49 1 0 . 01 gm Fi nes 798 6 . 4 1 8  gm Fi nes 
1 52 9 .  772 gm Fi nes 851 1 4 . 423 gm Fi nes 
1 55 1 0 . 622 gm Fi nes 908 1 4 . 1 02 gm Fi nes 
1 57 1 0 . 00 gm F ines 993 6 . 2 1 8  gm Fi nes 
1 58 1 0 . 037 gm Fi nes 995 1 0 . 1 39 gm Fi nes 
1 61 28 . 578 gm F ines 999 8 . 309 gm Fi nes 
1 70 1 0 . 081 gm Fi nes 1 050 6 . 572  gm Fi nes 
244 8 . 553 gm Fi nes 1 225 8 . 00 gm Fi nes 
532 6 . 646 gm Fi nes 1 226 7 . 00 gm Fi nes 
534 7 . 072  gm Fi nes 1 467 6 . 435 gm Fi nes 
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CHEMI CAL ANALYSES 

Number of 
E l ement 1\na lyses Mean Uni ts Range 

S i D2 27 42 . 55 PCT 6 . 70 
Al 2 D 3  28 1 3 . 47 PCT 1 2 . 44 
T iD2  29 7 . 7 1 PCT 6 . 1 8  
FeD 33 1 5 . 1 6  PCT 1 5 . 66 
MnD 32 . 2D8 PCT . l D3 
MgD 28 7 . 98 PCT 1 . 33 
CaD 25 1 1 . 99 PCT 2 . 52 
Na20 29 . 445 PCT . 1 83 
K20 65 . 1 4 7  PCT . l l l  
P20s 1 2  . l 4D PCT . 271 
H l 1 . 20 CC/G D 
Li 1 2  l l  . 3 1  PPM 9 . 0  
Rb 43 3 . 1 7  PPM 5 . 60 
Cs l l  . 1 87 PPM . l  04 
Be 5 2 .  l D PPM 2 . 9  
Sr  4D 1 68 . 72 PPM l 30 . D  
B a  41 1 83 . 29 PPM 28D . D  
Sc 1 6  64 . DD PPM 34 . D  
v 9 63 . 78 PPM 7 2 . D  
Cr2D 3  27 . 3 1 6  PCT . 561 
Co 1 9  29 . 66 PPM 26 . D  
N i  20 1 99 . 57 PPM 251 .42 
Cu l l  l l .  74 PPM 25 . l  D 
Zn l l  24 . 92 PPM 22 . 5  
y 9 l D9 . 78 PPI-1 93 . D  
Zr 1 5  324 . 62 PPM l 87 . D 
Nb 5 22 . 28 PPM 1 5 . 0  
Mo 3 . 683 PPM . 65D 
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Number of 
El ement Analyses Mean Uni ts Range 

Ru l . 6  PPM 0 
Rh l . l PPM 0 
P d  3 . 021 PPM . 030 
Ag 5 . 056 PPM . 1 26 
Cd 6 . 347 PPM 1 . 56 
Ta l l  l .  57 PPM 1 . 7 
w 3 . 823 PPM 1 . 78 
Hf  1 5  9 . 96 PPM 5 . 30 
Re 6 6 . 30 PPB l l . 0 
Os 4 . 043 PPM . 1 34 
I r  5 . 008 PPM . 003 
Au 9 . 009 PPM . 039 

Hg 6 . 002 PPM . 005 

La l 7  1 8 . 37 PPM 22 . 8  

Ce 1 6  49 . 85 PPM 40 . 5  

P r  8 7 . 82 PPM 1 5 . 0  

Nd  1 2  42 . 63 PPM 30 . 0  

Sm 1 8  1 2 . 28 PPM 9 . 6  

Eu 1 9  1 . 88 PPM 1 . 67 

Gd 1 0  1 6  . l  0 PPM 7 . 70 

Tb 1 5  3 . 32 PPM 6 . 80 

Dy 1 5  1 9 . 76 PPM 1 3 . 3  

Ho l l  5 . 73 PPM 7 . 8  

Er 8 1 4 . 38 PPM 23 . 5  

Tm 6 1 . 53 PPM . 7  

Y b  1 8  l 0 . 83 PPM 1 4 .  l 

Lu  1 7  1 . 72 PPM 2 . 4  

Th 1 6  2 . 36 PPM 2 . 7  

u 1 8  . 608 PPM . 77 

B 5 3 .  51 PPM 6 . 97 
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Number of 
E l ement An .:tlyses Mean Un i ts Range 

Ga 1 1  4 . 95 PPM 4 . 70 

I n  8 . 902 PPM 1 . 05 

Tl 3 . 003 PPM . 003 
c 2 1 40 . 5 PPM 1 7 . 0  

Ge 6 .73 1  PPM 1 . 0 1  
Pb 5 2 . 91 PPM 4 .  61 

S n  1 . 7 PPM 0 
N 1 1 0 . 0  PPM 0 

As 5 .067 PPM . 07 
S b  4 . 01 8 PPM . 058 

B i  2 . 002 PPM . 0004 
0 7 41 . 59 PCT 3 . 1 00 
s 7 . 1 1 0  PCT . 090 

Se 7 . 376 PPM . 66 
Te 3 . 486 PPM 1 . 393 

F 6 271 . 00 PPM 826 . 0  

C l  7 35 . 70 PPM 72 . 3  
Br  8 . 240 PPM . 532 
I 4 . 399 PPM . 680 

Ana lysts : Agrel l et al . ,  ( 1 970) ; Frondel et a l . ,  ( 1 970) ; Haramura et a l . , ( 1 970 ) ; 
Comps ton et al . ,. ( 1 970) ; Ehmann & Morgan , ( 1 970 ) ; Enge l & Engel , ( l Y/U ) ; 
Gol es et al . ,  ( 1 970 ) ; Maxwel l et al . ,  ( 1 970) ; Morri son et a l . ,  ( 1 970 ) ; 
Rose et al . ,  ( 1 970 ) ; Smal es et al . ,  ( 1 970 ) ; Waki ta et  al . ,  ( 1 970 ) ; 
Wanke et al . ,  ( 1 970) ; Mason et al . ,  ( 1 971 ) ;  K im et al . ,  ( 1 971 ) ;  Bouchet 
et  a l . ,  ( 1 971 ) ;  Vobecky et al . ,  ( 1 971 ) ;  Ehmann & Morgan ,  ( 1 972 ) ; Wi l l i s  
et a l . ,  ( 1 972 ) ; H ubbard et a 1 . ,  ( 1 972) ; LSPET,  ( 1 973) ; Begemann et al . ,  
( 1 970 ) ; Ganapathy et a l . ,  ( 1 970) ; Shedl ovsky et al . ,  ( 1 970 ) ; Rhodes et al . ,  
( 1 97 5 ) ; Boynton et al . ,  ( 1 975 ) ; Turek i an & Kharkar, ( 1 970 ) ; Kharkar & 
Tureki an ,  ( 1 97 1 ) ;  Has k i n  et al . ,  ( 1 970) ; Gast et a l . ,  ( 1 970) ; Gopal on et al . ,  
( 1 970 ) ;  Murthy E!t al . ,  ( 1 970 ) ; Perk i ns et al . ,  ( 1 970 ) ;  Phi l  potts & 
S chnetzl er ,  ( 1 9 /'0 ) ; Tera et al . ,  ( 1 970) ; Travesi , et al . ,  ( 1 97 1 ) ;  B asford , 
( 1 974 ) ;  Murthy et  al . ,  ( 1 973 ) ; Evensen et a l . ,  ( 1 973 ) ; Annel l & Hel z ,  
( 1 970 ) ; Reed & Jlovanovi c ,  ( 1 970 ) ; Reed & Jovanov i c ,  ( 1 971 ) ;  Smal es e t  a l . ,  
( 1 97 1 ) ;  Cl i ff et: al . , ( 1 97 1 ) ;  Papanastas si ou et al . ,  ( 1 970 ) ; Lau l et al . , ( l 970) . 
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Morgan et al . ,  ( 1 972) ; Gal es, ( 1 97 1 ) ;  Chyi & Ehmann , ( 1 97 3 ) ; 
Lovering & Butterfi el d ,  ( 1 970 ) ; Loveri ng & Hughes , ( 1 97 1 ) ;  Wass on & Baedecker ,  
( 1 970) ; Reed et al . ,  ( 1 970 ) ; H e s s  et  al . ,  ( 1 97 1 ) ;  Abdel -Rassou l  et al . ,  
( 1 97 1 ) ;  Fiel ds et al . ,  ( 1 970 ) ; S i l ver, ( 1 97 0 ) ; Wri g l ey & Qua ide ,  ( 1 970) ; 
Crozaz et al . ,  ( 1 970) ; Turkevi ch et al . ,  ( 1 97 1 ) ;  Wri g l ey ,  ( 1 97 1 ) ;  Eugster, 
( 1 97 1 ) ;  Epste in  & Tay lor ,  ( 1 970 ) ; Kap l an et a 1 . ,  ( 1 970 ) ; Kohman et a1 . ,  
( 1 970 ) ;  Wanke et al . ,  ( 1 972 ) . 

Age References : Armstrong and Al smi l l er, ( 1 97 1 ) ;  Marti et al . ,  ( 1 970 ) ; 
Perkins, ( 1 970) ; Basford, ( 1 974) ; Gopal an, ( 1 970 ) ; S i l ver, ( 1 970) ; Tatsumoto. 
( 1 970) ; Huey et al . ,  ( 1 97 1 ) .  
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1 0085 

1 0085 was the generi c n umber as s i gned to the < lmm s i eve fracti on of the Bu l k  
Sampl e fi nes . They were removed from ALS RC #1 003 and s i eved i n  the B i o-Prep 
Lab . Upon re--exam inati on i n  SSPL ,  i t  was noted that many subsampl es of 1 0085 
are > lmm i n  s i ze .  The l arger subsampl es of th i s  generi c  were re-s i eved i n  
RSPL and the > 4mm coarse fi nes were descri bed . 

SAMPLE : l 008�i , 37 

COHERENCE : Coherent 

SHAPE : Rounded 

COARSE FI NES DES CRIPTION 

NUMBER  OF PART I CLES : 

SURFACE : Not pi tted . S aw mark on one s i de .  

COLOR : Grey 

WE I GHT ( GM ) : . 501 

MINERALOGY : �1i c robrecci a fragment wi th basal ti c cl asts 5 to 7mm i n  
di ameter and wh i te c l asts < l mm to 4mm i n  d i ameter .  
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SAMPLE : 1 0085 , 722 

COHERENC E :  Coherent 

1 0085 

COARSE F INES DESCRIPTION 

NUMBER OF PART I CLES : 3 WT. (gm) : 1 . 268 

SHAPE : 3 fragments of i rregu l ar shape 

SURFACE : Granul a ted to semi -fresh 

COLOR :  Med i um grey 

MINERALOGY : Contai ns ol i vi ne ,  p i nk i sh brown pyroxene , whi te to c lear 
p l ag i ocl ase , and i lmeni te .  

REMARKS : 3 mi cro-gabbro i c  fragments wi th crystal l i ned vugs . 



1 0085 

COARSE FINES DESCRI PTION 

SAMPLE :  1 0085 , 723 

COHERENCE : Coherent 

SHAPE :  I r1regul a r  

NUMBER OF PARTICLES : 1 WT . ( gm) : . 545 

SURFACE : Fa i rly  fresh appeari ng 

COLOR: Med i um grey 

MINERALOGY :: Wh i te to cl ea r  pl agiocl ase , reddi sh brown pyroxene ,  
i 1 men ite . 

REMARKS : �1i c ro-gabbroi c fragments w/o vugs . 
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SAMPLE : 1 0085 , 724 

COHERENCE :  Coherent 

SHAPE : Jagged 

SURFACE : Ves icular 

COLOR: B l ack 

M INERALOGY : Glass 

1 0085 

COARSE F INES DESCRI PTION 

NUMBER OF PARTICLES : 1 

REMARKS : B l ack,  sh iny ves i cular gl ass 

WT . ( gm) : . 078 



SAMPLE : 1 0085 , 725 

COHERENCE :  Fri ab 1 e 

SHAPE :  Rounded 

SURFACE : Smooth 

COLOR: B l ack 

1 0085 

COARSE F I N ES DESCRI PTION 

NUMBER OF PARTICLES : 1 

MINERALOGY : Soi l breccia .b l ack  matri x g l as s  ( no c l a sts )  

385 

WT . ( gm ) : . 039 
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SAMPLE : 1 0085 , 726 

COHERENCE: Friab l e  

SHAPE : Rounded 

SURFACE :  Not pi tted 

COLOR :  Dark grey 

1 0085 

COARSE F INES DESCRI PTION 

NUMBER OF PARTICLES : 3 WT . (gm ) : . 349 

MINERALOGY : G lass  matri x wi th a few whi te c l asts < l  mm i n  d i ameter .  



SAMPLE :  1 0085 , 727 

COHERENCE : Coherent 

SHAP E :  I rregul ar 

1 0085 

COARSE FI NES DESCRI PTION 

NUMBER OF PARTICLES : 2 WT . ( gm ) : . 240 

SURFAC E :  Granul ated to sem i -fresh 

COLOR :  Dark grey 

MINERALOGY : I l meni te ,  p l ag ioc l ase  and pyroxene 

REMARKS : Vuggy fi ne-grai ned m icrogabbro ( i l meni te i n  vugs ) .  

387 
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SAMPLE :  1 0085 ,728 

COHERENCE : Coherent 

SHAPE : I rregul ar 

1 0085 

COARSE FINES DESCRI PTION 

NUMBER OF PARTICLES : 3 

SURFACE : Fresh to semi -fresh 

COLOR: L i ght grey 

WT . ( gm) : . 546 

MINERALOGY : Pl agioc l ase , i lmeni te ,  and reddi sh-brown pyroxene and 
ol i vi ne on two fragments . 

RE�RKS : Mi cro-gabbro ; two of the fragments have a green mi neral 
( probably ol i vi ne ) .  One does not.  



SAMPLE :  1 0085 , 729 

COHERENCE : Coherent 

1 0085 

COARSE F INES DESCRIPTI ON 

NUMBER OF PARTICLES : 

SHAPE : Rectangul ar pri sm (approximately ) 

3 8 9  

WT . ( gm ) : . 1 76 

SURFACE :  Granul ated on one end . Other surfaces semi - fresh . Ves i cu l ar 

COLOR: Dark grey 

MINERALOGY : P lag ioc l ase , i lmen i te ,  pyroxene 

REMARKS : Ves icu l ar basa l t ic  fragments or i l me n i te l i nes the ves i cu le s . 
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SAMPLES : 1 0085 , 730 

COHERENCE : Coherent 

SHAPE : Jagged 

SURFACE : Ves i c u l ar  

COLOR: B l ack 

MINERALOGY : Gl ass 

1 0085 

COARSE F INES DESCRIPTION 

NUMBER  OF PART I CLES : 1 

REMARKS : B l ack , s h i ny ves i cu l ar g l ass . 

WT . { gm) : . 321 
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SAMPLE: 1 0085 , 7  31  

COARSE F IN ES DESCRIPTION 

NUMBER OF PARTICLES : 1 WT . ( gm) : . 1 50 

COHERENCE :  Coherent 

SHAPE : I rregul ar 

SURFACE : One surface topped wi th s h i ny ves i cu l ar gl ass , other surfaces 
j agged . 

COLOR: Grey w i th b l ack g l as s  

MINERALOGY : Coherent soi l brecc i a  wi th a few whi te c l asts < lrm1.  
Shi ny , bl ack ves i c u l ar g l ass o n  one surface . 
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SAMPLE : 1 0085 , 733 

COHERENC E :  Coherent 

SHAPE :  Irregul ar 

1 0085 

COARSE FINES DESCRIPTION 

NUMBER OF PARTICLES : 2 

SURFAC E : Granu lated to pi tted . Fi nely ves i cu l ar  

COLOR: Dark grey 

MINERALOGY : I l menite , p l agioc l ase , pyroxene 

WT . ( gm ) : . 589 

REMARKS : Vuggy fine grai ned mi crogabbro ( i l meni te i n  vugs ) .  



SAMPLE : 1 0085 , 734 

COHERENCE : Coherent 

SHAPE : Trapezo i da l  prism 

1 0085 

COARSE F INES DESCRI PTION 

NUMBER OF PARTICLES : 1 WT . ( gm) : . 1 44 

SURFACE : Hi ghl y  granu l ated to semi - fresh .  One surface has pati na . 

C6LOR :  L i9ht grey 

MINERALOGY : I l meni te , pl ag,i oc l ase ,  redd i sh-brown pyroxene that l ooks 
l i ke o l i vi ne ( < 1 mm) 

REMARKS : M icrogabbroi c  fragment .  

39� 
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SAMPLE :  1 0085 , 735 

COHERENCE :  Coherent 

SHAPE:  I rregul ar 

SURFAC E :  Rough 

COLOR: B l ack 

1 0085 

COARSE FINES DESCRIPTION 

NUMBER OF PARTICLES : 1 

MINERALOGY : Dul l bl ack g lass w ith one cl ast < l  mm 

WT. (gm ) : . 095 



SAMPLE :  1 0085 ,736 

COHERENCE : Coherent 

SHAPE : Irregu l ar 

1 0085 

COARSE FI NES DESCRI PT ION 

NUMBER  OF  PARTICLES : 2 

195 

WT . ( gm ) : . 262 

SURFACE :  Each has one surface rough wi th b l ack sh i ny ves i c u l ar  g l a s�  

COLOR: Grey wi th b l ack gl ass 

MINERALOGY : Coherent soi l brecci a  fragments wi th a few whi te c l asts 
< l  mm .  Shiny ,  b l ack ves icu l ar  g l a s s  on one surface of 
each fragment .  
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SAMPLE :  1 0085 , 737 

COHERENCE: Friabl e 

SHAPE : Rounded 

SURFACE :  Not pi tted 

COLOR: Dark grey 

1 0085 

COARSE FINES DESCRIPTION 

NUMBER  OF PARTICLES : 1 WT . (gm) : . 758 

MI�ERALOGY : Gl ass matrix wi th a few whi te cl asts <1  mm i n  d i ameter . 



SAMPLE :  1 0087 , 739 

COHERENCE : Coherent 

SHAPE : Semi -domed 

1 0085 

COARSE F I N ES DESCR IPTION 

NUMBER OF PART I CLES : 1 WT . (gm ) : . 1 79 

SURFACE : One s urface covered wi th ves i cu l a r  bl ack g l ass ; the other 
surface i s  fractured . 

COLOR : Gl ass  b l ack , breccia grey 

MINERALOGY : Coherent soi l brecc ia  wi th wh i te cl asts < lmm topped on 
one s i de wi th ves i cu l ar b lack gl ass . 
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SAMPLE : 1 0085 , 740 

COHERENT : Coherent 

SHAPE : Rounded 

1 0085 

COARSE FI NES DESCRI PTION 

NUMBER OF PART ICLES : 2 WT. ( gm) : . 687 

SURFACE : Exposed , w i th some patina . 

COLOR : Med i um grey 

M I NERALOGY : I l meni te , p l agiocl ase , reddi sh brown pyroxene . 

REMARKS : Mi crogabbroi c fragments with a few i lmeni te l i ned vugs . 
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SAMPLE :  1 0085 , 741 

COARSE F IN ES DESCR I PTION 

NUMBER OF PARTI CLES : 1 WT. { gm } : . 266 

COHERENCE : Coherent 

SHAPE : I rregul ar and jagged-fl at 

SURFACE : P i tted on one s ide ,  fresh l ooking on the other . 

COLOR : Dark grey 

MINERALOGY :  I l meni te ,  pl agi ocl ase , pyroxene 

REMARKS : Ves i cu l ar-vuggy basal t  
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SAMPLE : 1 0085 , 742 

COHERENCE :  Fri abl e 

SHAPE :  Rounded pyrami d 

1 0085 

COARSE F IN ES DESCRI PTION 

NUMBER OF PART I CLES : 1 

SURFACE : Two pi ts on one surface . 

COLOR: Dark grey 

MINERALOGY : Soi l  brecci a  wi th a few whi te c l asts > lmm.  

WT . (gm ) : . 274 



SAMPLE : 1 0085 ,744 

COHERENCE : Coherent 

SHAPE : I rregul ar 

SURFACE :  Ves i cu l ar 

COLOR: B l ack 

1 0085 

COARSE F INES DESCR I PTION 

NUMBER OF PART I CLES : 1 

40 1  

WT. ( gm ) : . 1 05 

MINERALOGY : B lack  ves i cu l ar g l a s s , dul l i n  some p l aces , s h i ny i n  
others . 
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SAMPLE : 1 0085 , 745 

COHERENCE : Coherent 

SHAPE : Rounded 

1 0085 

COARSE FI NES DESCRI PTION 

NUMBER OF PARTICLES : 1 

SURFACE : Granul ated wi th some pati n a .  

COLOR : Dark grey 

MINERALOGY : I l meni te , p l ag ioc l ase , pyroxene 

WT . (gm} : . 655 

REMARKS : Vuggy ,  basa l tic  fragment . ( Basal t to mi crogabbro i n  gra i n  
s i ze ) 
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SAMPLE : 1 0085 , 746 

COARSE FI NES DESCRI PTION 

NUMBER OF PARTICLES : 2 WT . (gm ) : . 728 

COHERENCE :  Coherent 

SHAPE:  The l argest in fragment i s  pri smati c ,  di sc-l i ke .  The sma l l er 
one i s  non-descri pt ,  i rregu l a r .  

SURFACE :  The l arger one has p i ts on one surface . Other s urfaces have 
granul ation and pati na .  The sma l l er fragment a l so ha s some 
pati na . 

COLOR:  �1ed i um grey 

MINERALOGY : I l meni te ,  reddi s h brown pyroxene , p l agi ocl ase 

REMARKS : 

- - � - - --- - - -- - -- �� 

Two mi crogabbro i c  fragments . 
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SAMPLE :  1 0085 , 753 

1 0085 

COARSE F INES DESCRIPTION 

NUMBER OF PARTICLES : 1 

COHERENCE :  Moderately coherent 

SHAPE :  Sub-rounded 

WT . (gm ) : . 791 2 

SURFACE : Smooth-al l surfaces appear to · be fresh except for some gl assy 
spl atter. 

COLOR: Dark grey 

MINERALOGY : Brecci a  w ith fol l owi ng c l ast types present :  
Whi te cl ast ,  grey and whi te c l a st ,  sal t  and pepper c last  
and g l ass spherul es . One c l a st  i s  a grey and whi te ,  
combi ned wi th a sal t  and pepper c l a s t .  



SAMPLE :  1 0085 ,754 

COHERENCE : Tough 

SHAPE : Angular 

l 0085 

COARSE F INES DESCRIPTION 

NUMBER OF PARTICLES : l 

SURFACE :  Al l surfaces fresh 

COLOR :  Dark grey 

WT. ( gm ) : . 5941 

MINERALOGY : Approximately 70% dark minera l s  and 30% l i ght 

4 0 5  

REMARKS : Very fi ne gra i ned ves i c u l ar  basal t .  Ves i cl es compr i se  only 
about 5% of the surface area . Gra i n  s i ze i s  too sma l l  to 
d1�termi ne exact percentages of components present . 
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SAMPLE : 1 0085 , 755 

COARSE fiNES D ESCRIPTION 

NUMBER OF PART ICLES : 3 WT. (gm} : . 2774 

COHERENCE : Coherent 

SHAPE :  Equant ,  rounded 

SURFACE : Fresh where not g l ass  coated .  

COLOR: Dark  grey 

MINERALOGY : Gl ass  coated brecc i a s :  

1 .  Gl ass i s  ves i cu l ar ,  b l ack . 
2 .  2 p i eces cons i st  of rounded dark grey brecci as  

conta i n i ng mostly m i neral cl asts . l - . 4mm except 
one l arge sa l t and pepper cl ast 4. mm l ong . Gl ass 
coati ng  on one s i de only .  

3 .  1 pi ece i s  60% vesi cu l ar gl ass matri x enc l os i ng 
grey and whi te c l asts and a dark grey ves i cu l ar 
gl assy brecc i a  w ith a few whi te cl asts . 



1 0085 

SAMPLE :  1 0085 , 756 

COARSE F INES DESCR IPTION 

NUMBER OF PARTICLES : 

COHERENCE : Coherent 

SHAPE : Equant , sub-rounded 

SURFACE :  Fresh 

COLOR: Medi um grey 

MIN ERALOGY : Med i um gra i n  basa l t  

55-60% brown pyroxene 
30-35% pl ag ioc l a se 
2 5% i l men i te 

Gra i n  s i ze for a l l mi neral s � . 5mm 

4 0} 

WT. (gm } : . 2593 
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SAMPLE : 1 0085 , 757 

COHERENCE :  Coherent 

SHAPE : Equant , angular 

1 0085 

COARSE FI NES DESCRI PTION 

NUMBER OF PART I CLES : 1 

SURFACE : Fresh on al l but one s i de 

COLOR: Medi um grey 

MINERALOGY : Metamorphosed brecci a  

WT . (gm ) : 0 . 946 

-L i neati on of whi te cl asts i n  med i um grey matri x .  
-One s i de covered wi th spl ashed g l ass  and pati na , 
but zap p i ts not observed .  
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COARSE FINES DESCRI PTION 

SAMPLE :  1 0085 , 758 NUMBER OF PARTICLES : 2 WT. ( gm ) : . 4840 

COHERENCE :  Coherent 

SHAPE :  Equant, s ub-angu l ar. 

SURFACE : Some fresh , some more rounded wi th pat i na but no zap p i ts . 

COLOR:  Medi um grey 

MINERALOGY : F i ne gra i n  basal t :  
1 pi ece fi ner grai ned wi th l arger crystal s  of i l meni te 
and pa l e  green transparent pl ag ioc l ase about . 2mm l ong . 
Wel l formed ci nnamon crys ta l s  al so present. < 5% vugs 
70% pyroxene 
20% pl ag i ocl ase 
1 0% i l meni te 

1 pi ece l a rger gra i ned b l aded i l meni tes , brown pyroxenes ; 
el ongated pl agiocl ase crysta l s  up to . 8mm,  > 5% vugs . 
60-65% pyroxene 
25% pl ag ioc l ase 
1 0- 1 5% i lmen i te 
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SAMPLE : 1 0085 , 759 

COHERENCE :  Coherent 

SHAPE : Sub-rounded 

1 0085 

COARSE F INES DESCRIPTION 

NUMBER OF PARTICLES : 1 WT . (gm ) : . 0987 

SURFACE :  Fresh ,  smal l amount of pati na , vugs �5% .  

COLOR: Medi um grey 

MINERALOGY : Medium gra i n  basa l t :  
E l ongated p l ag ioc l ase crysta l s  ( . 4mm ) , s ome l a rge 
pal e  green transparent p l ag ioc l ase ,  equant brown 
pyroxene ( . l mm) , some i l menites ( . 5mm) . 
70-80% s hocked pyroxene 
1 0- 1 5% enhedral i l meni te 
Remai nder p lagi ocl ase 
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SAMPLE : 1 0085 , 760 

COARSE F INES DES CRI PTION 

NUMBER OF  PARTICLES : 1 WT . ( gm) : . 5 1 54 

COHERENCE: Moderately coherent 

SHAPE : Sub-rounded 

SURFACE :  Appears pati na-covered a l l  over. 2 faces have zap pi ts 
-v . 5mm. 

COLOR: Dark grey 

MINERALOGY : F i ne matrix  { so i l brecci a )  conta i n i ng m i neral c l asts 
-v. 2mm and l arger grey basa l t  c l a sts ( 1 . 5- 2mm ) . 
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SAMPLE : 1 0085 ,761 

COHERENC E :  Coherent 

SHAPE : Angu l ar 

1 0085 

COARSE F I NES DESCR IPT ION 

NUMBER OF PART I C LES : 2 WT . ( gm ) : . 3 1 91 

SURFACE : On eac h p i ece i s  one weathered surface contai n ing wh i tened 
pl ag i ocl ase and more rounded appearanc e ,  and l i ght pati na . 
Vugs  <5%,  zap pits  on  1 p i ece .  

COLOR : Med i um grey 

M INERALOGY : F i rst p i ece :  55% known pyroxene , 30% p lag ioc l ase ,  
1 5% i l men ite .  Gra i n  s i ze is  O . l -0 . 2mm . 

Second p i ece : 50- 55% pyroxene , 35-40% p lag ioc l ase ,  re
ma i nder - i lmen i te .  Fri er grai ned than 
f irst  p i ece .  

REMARKS : F i ne gra i n  basal t ,  fractured i n  several  d irections . 



PRISTINE SAMP LES : 

40 
45 

1 01 
1 02 
1 03 
1 04 
1 05 
1 06 
1 41 
1 42 
1 43 
1 44 
1 45 

2 . 09 gm 
1 . 03 gm 

26 . 08 gm 
0 . 83 gm 
4 . 96 gm 

1 7 1  . 95 gm 
28 .. 1 9  gm 
79 .. 78 gm 
1 " 22 gm 
0 .. 39 gm 
2 . . 44 gm 
7 .  61 gm 
4 . 05 gm 

RETURN E D  SAMPLES : 

1 0  
1 4  
20 
23 

1 46 
236 
256 
374 
723-726 

E l ement 

S i 02 

Al 20 3  

T i02  

FeO 

MnO 

MgO 

CaO 

7 . 308 gm 
5 . 906 gm 
9 . 822 gm 
9 . 707 gm 

1 4 . 394 gm 
5 . 5 1 5  gm 
7 .  729 gm 

1 0 . 34 gm 
I ndi vi dual ly  

Number of 
J\na lyses 

Fi nes 
Fi nes 
Fi nes 
Fi nes 
Fi nes 

1 0085 

l -3mm Fi nes 
Fi nes 
Fi nes 
Fi nes 
Fi nes 
F i nes 
Fi nes 
Fi nes 

Fi nes 
Fi nes 
Fi nes 
Fi nes 
Fi nes 
Fi nes 
Fi nes 
Fines 

descri bed i n  preceedi ng pages . 

CHEM ICAL ANALYSES 

Mean Units 

42 . 1 3  PCT 
1 3 . 64 PCT 
7 . 69 PCT 

1 5 . 29 PCT 
. 2 1 PCT 

7 . 38 PCT 

1 1 . 32 PCT 

4 1 3  

Range 

0 

0 

0 

0 

0 

0 

0 
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CHEMI CAL ANALYSES 

N umber of 
El ement Anal�ses Mean Un its  Range 

Na20 . 54 PCT 0 

K20 . 1 6  PCT 0 

P20s . l PCT 0 

Rb 2 2 . 98 PPM . 034 

Sr l 1 59 . 0  PPM 0 

Ba 2 1 95 . 5  PPM 1 23 .  

Cr20 3 l . 33 PCT 0 

N i  l 1 50 . 0  PPM 0 

Cu l 1 6 .  PPM 0 

Zn 1 9 .  PPM 0 
y 1 24 . PPM 0 

Zr l 351 . 0  PPM 0 

Nb  l 1 5 . 0  PPM 0 

s . 31 PCT 0 

Ana lysts : Brown et a l . ,  ( 1 970) ; Papanastas s i ou et a l . ,  ( 1 970 ) ;  Compston 
et a l . ,  ( 1 970 ) . 

No Age References 
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1 DD86 

1 DD86 was the generi c number assi gned to a port i on of the Bu l k  S ampl e fi nes (ALSRC #1 DD3 ) . I t  was removed from the ALSRC and sp l i t  i n  the B i o-Prep Lab . 
There are no tema i n i ng pri sti ne sampl es . Returned s ampl es were not phys i 
ca l l y  re-exami ned . Th i s  s amp l e  ori gi na l ly wei ghed 823 gm. 

RETURNE D  SAMPLES :  

5 
1 3  
1 4  
46 
89 
9D 
9 1  
9 2  
98  

1 64 
1 66 
1 67 
1 7D 
1 71 
1 83 
1 84 
1 85 
2DD 

E l ement 

S i D2 
Al 2D3  

Ti D2 

FeD 

MnD 

MgD 

CaD 

--- ------ - .  

49 . D33 gm 
5 . . 7D gm 
5 . DD gm 

23 . 386 gm 
1 5 . 643 gm 
1 1 . 455 gm 
1 1 . 1 7  gm 
1 3 . 1 96 gm 
1 D . 61 7  gm 
1 D . 42 1  gm 
1 3 . 229 gm 
2 1 . 1 D gm 
32 . D43 gm 
8 . DD gm 

34 . 779 gm 
54 .337 gm 
1 1 . 278 gm 
9 . 956 gm 

Number of 
Anal,lses 

1 
1 

1 

1 

2 

1 

Fi nes 
Fi nes 
Fi nes 
Fi nes 
Fi nes 
Fi nes 
Fines 
Fi nes 
Fi nes 
Fi nes 
Fi nes 
Fi nes 
Fi nes 
Fi nes 
Fi nes 
Fi nes 
Fi nes 
Fi nes 

CHEMICAL ANALYSES 

Mean  U n i ts 

44 . 92 PCT 
9 . 82 PCT 

9 . 34 PCT 

1 3 . 38 PCT 

. 2 1 7  PCT 

8 . 29 PCT 

8 . 96 PCT 

Range 

D 
D 

D 

D 
. OD7 

D 

D 
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CHEMICAL ANALYSES 

N umber of 
El ement Analyses Mean Uni ts Range 

Na20 . 224 PCT 0 

K20 . 1 44 PCT 0 

P20 s . 043 PCT 0 

H l 1 . 2  PPM 0 

Li 4 . 9  PPM 0 

Rb l 1 3 . PPM 0 

Cs . 24 PPM 0 

Be 1 . 3 PPM 0 

Sr l 42 .  PPM 0 

Ba l 1 70 .  PPM 0 

v l l .  PPM 0 

Cr203 l . 248 PCT 0 

Co l 1 2 .  PPM 0 

Ni l 56 . 03 PPM 0 

y l l l .  PPM 0 

Zr l 1 40 .  PPM 0 

Nb l l 0 .  PPM 0 

Ag 3 . 9  PPM 0 

La . 67 PPM 0 

Ce 7 . 3  PPM 0 

B l . 7 1  PPM 0 

Ga l 3 . 9  PPM 0 

c 5 1 37 . 25 PPM 202 . 

Ge 1 . 3 PPM 0 

N 3 91 . 67 PPM 1 33 .  

As l . 57 PPM 0 

s 4 . 044 PCT . 066 



El ement 

F 

Cl 

N umber of 
Am1 lyses 

1 

1 0086 

CHEM ICAL ANALYSES 

Mean 

3 . 5  

. 9 1  

Units 

PPM 

PPM 

Range 

0 

0 

4 1 7 

Analysts : Oro et al . ,  ( 1 970) ; Engel & Engel , ( l 970 ) ; Moore et a l . ,  ( 1 970 } ; 
Kap l an et al . ,  ( 1 970 ) ; Kvenvol den et al . ,  ( 1 970 } ;  Murphy et al . ,  ( 1 970 } . 

No Age References 
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1 0087 

1 0087 was the generi c number assi gned to a porti on of 1 001 1 (Bul k S ampl e 
fi nes ) i n  the B i o-Prep Lab . There are no pri sti ne sampl es remai n i ng and 
no returned sampl es l arger than 2 gm. Thi s  samp le  ori g i na l ly wei ghed 1 7. 4  gm. 

E l ement 

c 

Number of 
Analyses 

CHEMI CAL ANALYSES 

Mean Un i ts 

1 33 . 0 PPt� 

Analysts : Epstei n & Tayl or,  ( 1 970) . 

No Age References 

Range 

0 
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1 0089 

1 0089 was the generic  number assi gned to a sma l l  porti on of the Bu l k S ampl e 
fi nes whi ch were si eved and al l ocated to P . I .  ' s  i n  the B i o -P rep Lab . No  
pri s ti ne sampl es are ava i l abl e. Thi s  sampl e  ori g i na l ly wei ghed 50 gm. 

RETURNED  SAMPLES : 

2 2 1 . 76 gm Fi nes . 



4 20  

1 009 1 ,26 
( S-76-25552) 

No PET Photo 
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1 0091 

Sampl e 1 0091 is an angu l ar to sub-angu l ar ,  medi um dark grey, brecci a .  Th i s  
sampl e origi nal ly  we i ghed 24  gm  and presently measures 4 . 2x3x2 em . I t  was 
ori gi nal ly  returned i n  ALSRC # 1 003 ( Bu l k Sampl e conta i ner ) . 

B I NOCULAR DESCRI PTI ONS 

ROCK TYPE : B recci a 

BY : Gees l i n  

SAMPLE : 1 0091 , 26 

DATE : 7/9/76 

WEIGHT : l 0 . 4 1  gm 

COLOR: Med i um dark grey 

SHAPE : Angu l ar to subangu l ar 

DIMENSI ONS : 4 . 2  x 3 x 2 em 

COHERENCE : I nte l�granu l ar - fa i r ly coherent 
Fractu ri ng - absent 

FABRI C/TEXTURE : Ani s otropi c/Brecci a 

VARIAB I L ITY :  Honogeneous 

SURFACE : Edges �a i rl y  sharp and not rounded . Some pat i na on T1 , N 1 ,  
faces . 

ZAP P ITS : Few on T 1 -N 1 • 

CAV IT IES : Absent 

COMPONENT COLOR 

Basa l t Cl as t 1  B l ack , 
Whi te/Brn 

Matri x Dk . Grey 

% OF 
ROCK SHAPE 

1 0  Angu l ar to rounded 

90 ------ -- -- -- -- ----

l )  Pyroxene , p l c:tgiocl ase and i l men i te .  Al l crysta l l i tes , even 
di stri buti on . 

TH I N  SECTI ON DESCRI PTI ON 

S I ZE ( Mt1 ) 
DOM . RANGE 

3 2-5 

There was no th i n  sect i on for the generi cs 1 0091 avai l ab l e  at the onset of 
Secondary Exami nati on . I t  was j udged that the rema i n i ng samp le  ( 1 0 . 41 gm) 
shou l d  not be ch i pped for a th i n  section al l ocat i on .  
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H I STORY AND P RESENT STATUS OF SAMPLES - 7/ 1 2/76 

1 0091 was removed from the B u l k Samp le  contai ner (ALSRC #1 003 ) and sp l i t  i n  
the B i o -Prep Lab. There are no remaini ng pri stine sampl es . The one re
mai n i ng returned sampl e was re-exami ned i n  RSPL . 

PRISTINE SAMPLES :  

None 

RETURNED SAMPLES : 

36 1 0 . 41 gm Ch i p .  One face h as a few pi ts .  

CHEf� I CAL ANALYSES 

Number of 
El ement Ana lyses Mean Uni ts Range 

S i 02 2 40 . 64 PCT 4 . 27 

Al 203  2 1 1 . 62 PCT 6 . 62 

Ti 02 2 8 . 84 PCT 2 . 50 
FeO 2 1 7 . 37 PCT 3 . 86 
MnO 2 . 1 94 PCT . 1 29 
MgO 2 7 . 05 PCT 1 . 1 6  

CaO 2 1 0 . 49 PCT 4 . 78 

Na20 2 . 1 98 PCT . 305 

K20 2 . 21 1 PCT . 1 33 

P20 s 2 . 041 PCT . 032 

H 2 . 21 PPM . 020 

L i  2 3 . 90 PPt� . 4  
Rb 2 1 0 . 00 PPM 6 . 0  
Cs 2 . 550 PPM . 67 
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CHEMICAL ANALYSES 

Number of 
E l ement Analyses Mean Uni ts Range 

Sr 2 41 . 00 PPM 2 . 0  

Ba 2 64 . 00 PPM 92 . 0  

v 2 28. 00 PPM 6 . 0  

Cr203 2 . 285 PCT . 044 

Co 2 1 1 . 8 PPM 4 . 4  

N i  2 290 . 0  PPM 260 . 0  

y 2 1 . 35 PPM . 1 00 

Zr 2 23 . 5  PPM 1 7 . 00 

N b  2 2 . 05 PPM . 5  

Ag 2 2 . 0  PPM 2 . 0  

La 2 . 535 PPM . 39 

Ce 2 l .  90 PPM 1 . 80 

8 2 . 37 PPM . 52 

Ga 2 2 . 3  PPM 1 . 4 

Tl 1 2 . 70 PPB 0 

c 1 6 . 0  PPM 0 

Ge 2 . 875 PPM . 85 

N 1 5 . 00 PPM 0 

As 2 . 335 PPM . 1 1 0  

s 2 . 245 PCT . 07 

F 2 3 . 05 PPM 1 . 3 

Cl 2 2 . 65 PPM 1 . 3 

Ana l ysts : Oro et a l . ,  ( 1 970 ) . 

No Age References 
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1 009 2 , 0  
( S-76-25872 )  
No PET Photo 
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1 0092 

Samp le  1 0092 i s  an angul ar ,  medi um l i ght grey , ol i v i ne basa l t .  Th i s  sampl e 
ori gi na l ly  was numbered 1 0002 , 22 ,  but due to i ts s i ze was g i ven a new gene
ri c number duri ng  re-exami nati on in SSP L .  The s ampl e was returned i n  ALSRC 
#1 003 ( Bu l k Sampl e conta i ner) . 

B I NOCULAR DES CRIPTION 

ROCK TYPE : Ol i vi ne Basal t 

COLOR :  Medi um l i ght grey 

SHAPE : Angu 1 ar 

COHERENC E :  I ntergranu l ar - Tough 

BY : Twede l l  DATE : 6/2/76 

SAMPLE : 1 0092 , 0 W E I GHT : 46 gm 

DI MENS I ONS : 3 x 4 . 2  x 2 . 6  em 

Fractu ri ng - Few , non -penetrati ve , one penetrati ve 

FAB RI C/TEXTURE : I sotropi c/Equ i granul ar 

VARI AB I LITY : Homogeneous 

SURFACE : Surface is i rregu l ar and we l l  coated wi th pati n a .  
surface on B 1  face . 

ZAP PITS : Many on T1 , N 1 • Few on B 1 • None on any other . 
g l ass l i ned, up to . 8mm i n  di ameter. 

% OF 
COMPONENT COLOR ROCK SHAPE 

Ol i vi ne 1  Green 3 Euhedra 1 

Pyroxene2 Honey Brown 45 Euhedra l 
to Dark 

P l agi ocl ase3  Whi te 40 Euhedra 1 to 
aph i n i ti c  

I l meni te B l ack 8 Pl aty 
Mesostas i s  B l ack 4 

1 ) Appears i n  ;mal l groups throughout sampl e .  
2 )  Wel l defi ned crystal s .  
3 )  Ranges i n  texture from crystal l i ne to crushed . 

One fres h 

Pi ts are 

S I ZE ( MM) 
DDr1 . RANGE 

. 09 < . 08- . 2  

. 1 < . 05- . 3  

. 1 < . 01 - . 2  

. 09 < .  1 - .  1 
< . 08 < .  1 
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SECTI ON : 1 0092 , 5  

TH I N  SECTION DESCRI PTI ON 

1 0092 

W idth of fiel d 1 . 39mm pl ane l i ght 

BY : Wal ton DATE : 7/1 5/76 

SUMMARY : Fi ne-grai ned subophi ti c  basa l t composed of cl i nopyroxene ,  two 
generati ons of pl agi ocl ase , and i lmeni te wi th s ubordi nate ol i v i ne 
and mesos tas i s .  Large anhedral crys tal s of cl i nopyroxene host 
the other phases present . 

PHASE 

Pyrox 
Pl ag 

01 
Opaq 

Meso 

COMMENTS : 

% SECTI ON 

48 

29 
5 

1 5  
3 

SHAPE S I ZE ( MM) 
Anhedral to i rregu l ar 0 . 01 -0 . 9  
Eu hedral to anhedral 0 . 0 1 -0 . 4  
Anhedral 0 . 2 -0 . 8  
Subhedra l to s kel etal 0 . 01 -0 . 4  
------- -------- -- ---- 0 . 001 -0 . 1  

Pyroxene - The cl i nopyroxene forms l arge anhedra l p i n k i s h  tan masses 
whi ch host the other phases present . The exti ncti ons , for the most 
part, are uneven and zon i ng i s  present . Only a few show any cl eavage 
traces . 
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An un identi fi ed brown mi neral wa s present .  It occurred as i sol ated 
grai ns and near i l men i te crystal s .  No cl eavage was seen and i t  
was noni sotropi c .  

P l agi ocl ase - Two generations o f  pl agi ocl ase occur i n  the rock . The 
fi rst type cons i s ts of euhedral  tab l ets wh i ch appear i n  the secti ons 
as equa.nt aci cu l ar crystal s .  The crystal s show wel l devel oped twi n  
pl anes and exti ncti ons are sharp . 

The second type of pl agi ocl ase crys tal s  represented i n  the rock forms 
i nters ti ti al masses between the pyroxene-pl agi oc l ase- i l meni te net
work . The masses are l arger than the euhedral crystal s and show 
poor tl'd n pl anes and exti ncti ons are uneven . Th i s  l ater formed p l ag i o
cl ase i s  most often associ ated wi th the mesostas i s  that occurs i n  
the roc k .  The mesostas i s i s  l i ght brown i n  col or and very turb i d .  

Ol i vi ne - Large to smal l masses of ol i v i ne gradi ng to pyroxene occur 
i n  the secti on . A wel l devel oped fracture pattern , color di fference 
and i nd i ces eas i l y  d i s ti ngui s h  i t  from the adjacent pyroxene . The 
masses are more or l es s  concentrated i n  one part of the section and 
are not un i formly di stri b uted . 

Opaques - The most common opaque mi neral present i n  the rock i s  i l meni te . 
The crysta l s  form subhedral to s kel etal masses s cattered throughou t 
the roc k .  Most of the crystal s show ruti l e  exsol uti ons . 

Sma l l  masses of tra i l  i te and troi l i te with i ron-ni ckel i ncl usi ons are 
al so present .  These form only a very smal l percentage of the total 
opaques present .  

TEXTURE : Subophi ti c fi ne-grai ned basal t cons i sti ng of pyroxene, two 
generations of  pl agi ocl ase ,  i l men i te ,  o l i vi ne and mesostasi s .  Only 
moderate shock effects are evi dent . Contacts are al l sharp and the 
only interreacti on i s  the o l i v i ne to pyroxene gradat ion .  

H I STORY AND PRESENT STATUS OF SAMPLES - 7/ 1 5/76 

1 0092 was spl i t  from 1 0002 ( Bu l k S ampl e generi c ) duri ng re-exami nat ion i n  
SSPL . Al l ocati ons were made for chem i ca l  analyses and thi n  sections . 
PRI STINE SAMPLES : ( VAC-SSPL ) 

0 

l 

28 . 63 gm 

1 6 . 32 gm 

NO RETURNED SAMPLES . 

Rock . Three p i tted surfaces . One fresh su rface . 

P i ece . Two pi tted surfaces . 
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10093 .0 
( S -76-25989 ) 
No PET Photo 
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Samp l e  1 0093 i s  a s ubangul ar ,  medi um dark grey , fine brecci a .  Th i s  samp l e  
was ori gi na l l y  part of 1 0002 ,22 but was gi ven a new generi c n umber duri ng 
re-exami nati on .  It  was returned i n  ALSRC # 1 003  ( Bu l k  Samp l e  contai ner ) . 

4 2 9  

B INOCULAR DESCRI PTI ONS 

ROCK TYP E :  Fi nE� Brecci a 

BY : Twede l l  

SAMPLE : 1 009 3 , 0  

DATE : 6/1 6/ 76 

WEIGHT: 25 . 85 gm 

COLOR: Medi urn Dark Grey 

SHAPE :  S ubangu l ar 

DIMENS IONS : 5 x 2 . 8  x 1 . 3 

COHERENCE :  I n tergran u l ar - coherent 
Fracturi ng - few , non-penatrati ve 

FRAB I C/TEXTURE : Ani sotropi c/F ine Brecci a .  

VARI AB I LI  TV : Homogeneous 

SURFACE : No pati na on any surfaces . Surface i s  rough on S 1 o smooth on 
E l & �l l •  

ZAP P I TS :  Many on E 1 , few on N 1 ,  and S 1 ,  none on any others . P i ts are 
g l ass l i ned up to . 8  lll11 i n  s i ze. 

CAV IT IES : Absent. 

COMPONENT COLOR 

Matri x Med .  dk . grey 
Basal t cl ast  Honey brown , 

b l ack & whi te 
Whi te cl ast  Whi te 

Brown & Whi te Honey brown & 
cl ast  whi te 

Sal t & Pepper Bl ack & whi te 
c l a st  

Grey cl ast  Submeta 1 1  i c 

% OF 
ROCK 

98% 
1 %  

< 1 %  

< 1 %  

< 1 %  

< 1 %  

S I ZE (MM ) 
SHAPE DOM. RANGE 

Angular to s ub- 1 - 2  
rounded 

Subang u l ar to . 8  . 7- 1  
subrounded  

Ang ul ar 5 

Angul ar to s ub- . 8  . 3- 1 . 0  
rounded 

Subrounded . 5  
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SECT! ON : 1 0093 , 5  

THI N  SECTION DESCRI PTION 

SECT ION : 1 0093 , 5  

Wi dth of  fi e l d  1 . 35 mm p l ane l i ght 

BY : Wal ton DATE :  7/1 5/76 

SUMMARY : Partly devi tri fi ed typi cal brecci a wi th aboundant crysta l l i tes 
i n  the matri x .  Over one hal f of the matri x i s  composed of sma l l 
crystal l i tes g i vi ng the overa l l appearance of the matri x a l i ght 
brown col orati on . 

PHASE 

Lt to dk brn 

PHASE 
Pyroxene 1 
P l ag iocl ase2 

% OF SECT ION 

1 00% 

MATRI X 75% OF ROCK  

SHAPE S I ZE (MM) 
<0.00 1  

MI N ERAL CLASTS 1 2% OF ROCK  

RELATIVE  ABUNDANCE SHAPE 
Very abundant Angul ar to i rregul ar 

Moderate Bl ocky to i rregul ar 

COMMENTS 

Moderate g l ass 
content;  high 
crys ta 1 1  i te 
content. 

S I Z E (mm) 
O oOOl -0 .4  

O. OOl -Oo 4 
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Opaques 3 Few Ske l eta l  to b l ocky 0 , 001-0. 1 

l ) Many show poor opti cal characteri s ti cs ;  mai n ly sma l l er fragments .  
2 )  A few l arqe s hards ; most  show good twi n p l anes . 
3 )  A few l ar·�er bl ocky crys tal s ;  n umerous sma l l fragments i n  matri x.  

L ITH I C  CLASTS 9% OF ROCK 

TYPE RELATIVE  ABUNDANCE SHAPE S I ZE (MM) 
Smal l Very abundant Round to i rregul ar 0 . 001 - l oO 

Large4 One present I rregu l ar  >1 . 0  
4 )  A fi ne-gn1i ned basal t cons i s ti ng of pyroxene , p l ag i ocl ase and i lmen i te. 

GLASS CLASTS 4 % OF ROCK 

RELAT I VE ABUNDANCE SHAPE S I ZE (MM) 

Yel l ow-Orange!; Very abundant Angu l ar  to spheri cal 0 . 00 1-0 .6  
Whi te6 Few Angu l a r  to s pheri ca l 0 . 001 -0. 3  

5 )  Approximate ly hal f  angu l ar s hards and hal f spheres or part spheres : 
s ome devit ri fi cati on . 

6 ) Mostly an9u l ar  s hards ; a few part spheres . 

HISTORY AND P RESENT STATUS OF SAMPLES 7/ 1 5/76 

1 0093 was part of 1 0002 , 22 (Bu l k Sampl e generi c processed i n  the B i o-Prep 
Lab . ) Upon re!-exami nati on i n  SSPL i t  was assi gned i ts own generi c number 
and a l l ocati ons were made for thi n  sections and chemi ca l analys i s .  

PRIST! N E  SAMPLES 

0 24. 1 7  gm Rock. Three p i tted s urfaces .  VAC-SSPL 

NO RETURNED SP�PLES 
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1 0094,0 
( S-76-25993 ) 
No  PET Photo 
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1 0094 

Samp l e  1 0094 i s  a s ubangul ar to s ubrounded, medi um dark grey ,  brecci a .  Th i s 
s amp l e  was ori gi n a l ly part of 1 0001 , 9 ,  but was gi ven a new generi c n umber 
duri ng re-exami nation .  The s amp l e  was returned in  ALSRC # 1 003  ( B u l k  
Samp l e  contai ne!r ) .  

BI NOCULAR DESCRIPTIONS 

ROCK TYP E :  Brecci a 

COLOR :  Medi um dark grey 

SHAPE :  Subrounded - s ubang u l ar 

COHERENCE : I n tergranul ar - coherent 

BY : Twedel l 

SAMPLE : 1 0044 ,59 

DATE : 9/ 1 9/ 76 

WEIGHT : 25 gm 

DIMENSI ONS :  3 x 2 . 5  x 2 . 3  

Fracturi ng - few penetrati ve , few non-penetrati ve . 

FABRI C/TEXTURE : Ansotropi c/Brecci a.  

VARIABI L I TY :  Homogeneous 

SURFACE : I rregu l ar  due to numerous fractures . Some sma l l  patches of 
pati na  on several s urfaces . 

ZAP P ITS : Many on � 1 ,  T 1 ;  few on  E 1 ,  W 1  and N 1 •  None on B .  P i ts are 
g l as s  l i ned up to 4 mm i n  di ameter. 

CAV ITI ES : Absent 

COMPONENT COLOR 

Matri x Med dk grey 
Basal t c last  Brn Wht  B l k  

Grey cl as t  Grey 
Whi te c last  Whi te 
Sa l t  & Pepper Bl k & whi te 

cl ast  

% OF 
ROCK SHAPE 

97% 

< l %  Angu lar  

1%  Subangul ar 
< 1 %  Ang u l ar 
1 %  Ang u l ar 

S I ZE (MM) 
OOM. RANGE 

2 < l -6  

1 < l - 3  
2 < l - 8  
5 < 1 - 1 1 
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SECTION : 1 0094, 6  

THI N  SECTION DESCRI PTION 

SECT ION :  1 0094, 6  

Wi dth of fi e l d  1 . 39 mm p l ane l i ght 

BY : Wa l ton DATE : 7/ 1 6/76 

SUMMARY : Partly devi tri fi ed typi cal brecci a wi th no l arge l i thi c cl asts .  

PHASE 

Dark brown 

PHASE 

Pyroxene 1 

Numerous sma l l  l i th i c  cl asts are present. S i n ce the secti on 
i s  very smal l ,  the excl us i on of l arge c lasts may be a res u l t  
of the samp l i ng and be atyp i ca l  for the rock . 

% OF SECTION 

1 00% 

MATRIX  69% OF ROCK 

SHAPE S I ZE (MM) 
<0.001  

MI NERAL CLASTS 1 3% DF ROCK 

RELATIVE ABUNDANCE SHAPE 

COMMENTS 

H i gh  g l ass content 
p 1 us n umerous crys.,.. 
ta 1 1  i tes .  

Very abundant Angu l ar to i rreg u l ar 

S I ZE (MM) 
0 . 001 -0. 3  



P l agi ocl ase2 
Opaques 3 

Moderate 
Few 

1 0094 

Bl ocky to i rregul ar 
Skeletal to bl ocky 

2
1 )  Poor opti cal characteri s ti cs : s ome zoA i ng o  

) Fai r  to good twi n s ;  few l arge p i e ces . 
3 )  Most i n  cl asts ; n umerous sma l l  fragment i n  matri x .  

TYPE 
Sma l l  

Large 

LITH I C  CLASTS 1 3% OF ROCK 

RELATIVE ABUNDANCE SHAPE 

Very abundant Rounded to i rregu l ar 

None 

GLASS CLASTS 5% OF ROCK 

TYPE RELATIVE ABUNDANCE SHAPE 

Spheri cal to angu l ar 

Angul a r  to spheri ca l 

Ye 1 1  ow-Oran9e4 Very abundant 

Whi te5 Moderate 
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0 .001 -0 . 3  
0 . 001 -0. 1 

S I ZE (MM) 
OoOOl - 1 . 0  

>1 . 0  

S I ZE (MM) 
Oo00 l -O o 3  

O .Q01 - 0 o 4  

4 )  Almost c1l l  spheres o r  part spheres ; some l arge angu l ar s hards o 
5 )  Almost a l l angu l ar s hards ; s ome s pheres and part s p he res ; some 

de vi tri fi ca ti on o 

HI STORY AND PRESENT STATUS OF SAMPLES 7/ 1 6/ 76 

1 0094 was part of 1 0001 , 9  (Bul k Samp l e  generi c processed i n  the Bi o-p repo 
Upon re-examinati on i n  SSPL , i t  was assi gned i ts own generi c n umber and 
a l l ocati ons were made for thi n secti ons and chemi cal analys i s .  

PRISTI NE SflJ1PLES 
0 24. 23 gm 
4 Oo 54 gm 

. NO RETURNED SAMPLES 

Rock. P i tted on  a l l  but one s urfaceo 

Chi ps  and fi nes . 
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ALSRC 

B i o -Prep Lab 

EVA 

JSC 

LCL 

LM 

LRL 

MESA 

Mi n . Sep . Lab .  

MQF 

N�A 

NSI 

PCTL 

PET 

Pri sti ne Sampl es 

RCL 

Returned Sampl es 

RSPL 

SSPL 

Appendix  A 
Defi n i tion of Terms and Acronyms 

- Apol l o  Lunar Sampl e Return Contai ner. 

- B i o l ogi cal Preparati on Laboratory .  Thi s  l ab proces sed 
the Bu l k  Sampl e and prepared al i quots for b i o l og i cal 
testi ng and analys i s .  

- Extravehi cu l ar Activi ty .  

- Johnson Space Center, Hous ton , Texas . 

- Lunar Curatori a l  Laboratory . Thi s  i s  the present l oca-
tion for samp l e proce s s i ng and s torage .  

- Lunar Modu l e .  

- Lunar Recei vi n g  Laboratory .  Thi s  i s  the overal l term 
for the i n d i v i dual l aboratori es that fi rs t recei ved and 
processed the Apo l l o  1 1  s ampl es . 

- Modu l ari zed Equi pment Stowage Assembly .  

- Mi neral Separation Laboratory .  

- Mobi l e  Quarantine Faci l i ty .  

- Nati onal Aeronauti cs and Space Admi n i s trati on . 

- Northrop Serv i ces Incorporated . 
- Phys i ca l - Chemi ca l  Tes ti ng Laboratory .  Thi s  Lab pro-

cessed the Cont i ngency Sampl e  and performed detai l ed 
descri pti ons and analyses of the Apol l o  1 1  rocks and 
soi l s .  

- Pre l imi nary Exami nation Team . 

- For Apol l o  1 1 , those s ampl es wh i ch have not been prev-
i ou s ly  a l l ocated as exposed to h i ghly degrad ing contam
i n ants . 

- Radi ati on Counti ng Laboratory .  

- Cons i s ts of s ampl es that have been al l ocated to Pri nci pl e 
I nvesti gators , analyzed ( degraded ) and returned . 

- The Laboratory where the returned sampl es are presently  
s tored and processed . 

- The Laboratory where pri s ti ne sampl es are currently 
s tored and processed . 
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Append i x  A ( cont ' d ) 

TSL - Th i n  Sect i on Laboratory .  

Vac . Lab ( F-201 ) - Vacuum Laboratory .  Thi s Lab processed the Documented 
Sampl e and the dri ve tubes . 



438 

1080 3 , 0  

1 :1003,0 

1 CQ G 3 , J  

10003 , 0  

I D: 2 3 , C  

10003 , G  

I 'JCC3 ,r 

1C003 , 3 7  

1 CQ.;3 , 4 � 

S-€9-45005 
S-69-�5006 
S-69-4500? 
S-69-45CC8 
S-69-A5CJD9 

S - 6 9 - 4501 0 
S-69-4501 � 
S-69-45014 
S-69-45016 
S-69-450 1 9  
S-69- 45]21 
S -69-45222 
s -69-45�2 5 

s -69-45027 

S-69-45866 
s -69-450£7 
S-69-.15�68 
S-69-45']69 
S -69-4507C 
S-69-'5071 

S-69-45r;77 
S-69-45��72 
S-69-45079 
S-59-45082 
S-59-45081 
S-59-45082 
S-69-45083 
S - 6 9-45084 
S-69-45085 

S-69-45124 
S-69-'5�25 
S-69-45 1 26 
S-69-45127 
S-69-45128 
S-69-45129 
5-59-45130 
S-69-451 31  
S-59-45132 
S-69-t.51 33 

S-69 -45191  
S-69-45192 
S-69-45193 

S-69-454:2 
S-59-45423 
S-69-45404 

S-6S-59274 
S-69-59287 
S - 5 9-59288 
S-69-59289 
S-E9-59290 
S-69-59191 

S-70-49473 
S-70-!9474 

S- 70-50549 
S -70-50552 

1 C:J:J3 S - 7 5 - 28696 
S - 75 -28697 
S - 7 5-28698 
S-75-28699 

10003,49 S-75-30S39 
S-7 5-3094C 
S - 7 5 -30941 

l CCC3 , 3 S ,74 , 1 1 9  S-76-20!68 
S-76-20!.69 

l :lOC 3 , 2 5  S-76-2 338 
S - 7 6 -2 339 
S - 7 6 - 2  34C 
S - 7 6 -2 5115 

APP::�r:rx B - - P H OTC I NDD 

TYPE VIEW 

Stert:!C 

::<.cc,, 

�� croscope v 1 121,. 

F1  �es 

RCL Saro1e 

.i!.LSRC 

Stereo 

T.'l r: Sec:i or 

r n  n Sect� on 

Thln Secti o n  

Rock Reconstruc 

T1� n Section 

?recessing 

Precess i nt;; 

cOLOR OR 
B LK/\iH ITE ���'PLE NU�BER 

3 / '.� 

E/1� 

B/1-1 

B!i.' 

B/W 

B/:.0' 

1 0003 , 2 5 

10003,49 

1 0004 

� 0005 

10009 , 0  

10009 , 1 1  

1 0009 , 7  

I CO I S  

1 221 7 

1 C0l 7 ,  1 9 , 20 

PrWO NUMSER 

S - 7 6 - 1 554£ 
S-76-25547 

S - 76-16304 
S-76-16305 

S-69-4 5 1 0 5  
S-69-45106 
S-59-45107 
S-59-45108 
S-59-45109 
S-59-4 5 1 1 0  
S-69 -451 1 1  
S-69-4 5 1 1 2  
S-69-45 1 1 3  
S-69-4 5 1 1 4  
S -69-451 1 5  
S-69-45 1 1 6  
S-69-45 1 1 7  
S-69-451 1 2  
5-69-451 1 9  
S-69-451 20 
S-69-4 5 1 2 1  
S-69-451 12 
S-69-4 5 1 23 
S-69-45535 
S-59-45536 
S-69-45537 

S-69-45244 
S-69-45145 
S-69-45246 
$-69-45247 
S-69-45148 
S-69-45249 
S-69-45250 
S-69-45251 
S-69-45252 
S-69-45153 
S-69-45254 
S-69-45255 

S-75-31 1 04 
S - 7 5-3 1 1 0 5  
S-75-31 1 06 
S - 7 5-31 1 0 7  
S-75-3 1 1 08 
S-75- 3 1 1 09 

S - 7 5 - 3 1 361 

S-76- 25830 
S - 7 6 - 26296 

S-£9-4540!: 
S-69-454J6 
S-69-45407 
S-69-45408 
S-69-45409 
S-69-4541 0 
S-69-4541 1  
S-69-454 1 2  

S-69-45062 
S-69-45063 
S-69-450€4 
S-69-45065 
S-69-451 9 4  
S-69-45 1 95 
S-69-45196 
S-69-45197 
S-69-45198 
S - 6 9 - 4 5 1 9 9  
S-69-45200 

S - 6 9 - 4 5 2 1 4  

S-69-4521 7 

Processing 

Thi n Sectior. 

Core Tuo-2 

Core Tube 

Ortho 

Rock Processing 

Tnin Section 

G1 ass Spheres. 

r�i croscope v i e  .... 

Poi'Oder 

F-201 

F-201 

COLOR OR 
BLK/iJHITE 

B/W 

B/W 

B/W 

c 

c 
8/W 

B/W 

8/W 

8/� 

B/ii 

8/� 
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1 00 1 /  S-69-4 12 F-201 B/>i � 001 7 S-70-49973 Tr1i r. Sect i o n  5/1-0 
S-69-4 )J FCL S cmo 1 e B/W S - 70-49974 
S-69-4 71 

1 00 1 7  s-75-3r2:::9 Rock Pro::: ?: s s '. ng 
l 00l 7 , 2 J  S-69-45]73 F-201 3/�i S - 75-302 1 '":  

S-69-45374 S -75-302 : 1  

1 00 1 7  S-59-45]75 F-201 B/\� S - 75-302 1 2  
S - 7 5-20213 S-69-45J76 
S - 7 5- 3 0 2 1 4  S-69- 45':77 
S - 7 5 - 3 C 2 � 5  S-65-45J78 

S-69-45J79 l CC 1 7 , 82 S - 75-30942 
-n i n Sect�on 

1 00 1 7  S-69-47558 S terec & Past- Bi' I CC! / 5 - 76-21 149 i�OU Processi:-;;  
S-69-47559 S pl i t  S - 76-21 � 50 
S-69-47560 

I Q01 7 , 8 1  S - 76 - 2545 � Cnr.o S-69-47561 
S - 76-25452 S-69-47562 
S - 76-25453 S-69-47563 
S - 76- 2545L S-69-47564 

S-69-47\65 i J0� 7 , 96 5 -76-25457 Roe< 
S-69-47566 

I JO I 7 ,82 S -76-26302 T '1 � .-, S e c t i  or. 3 : 1-.'  S-69-47567 
S-69-47�i68 S - 7 6 -26303 

S-69-47i69 1 00 1 8 , 1 9 , 20 S - 69-:: 5 2 1 5 F-2C 1 - Ci1 i :J  3 1'1'1' 
s-69-47o7'J S -59-45 2 1 6  
S-69-47571 S-69-452 1 7  
S-69-47572 S -69-45218 
s-69-47o73 S - 6 9 - 4 5 2 1 9  
S-69-47574 

1 001 8 , 1 9 , 20 S-59-45256 �ug Sho: S /'h S-69-47575 
3-69-45257 

I OCI ? S - 6 9-48453 r·1ug S� 10  � B/VI 3-69-45258 
S - 6 9-48,:54 3-69-45259 
S-69-48455 3-69-� 5260 
S-69-48<1.56 s -69-45261 
S-69 -48.\57 :;-69-45262 

I DD I 7  s -69 -49222 Roc:-:. 3/� S-ES-45263 

S-69-49234 S-69-45264 

S-69-49 235 S-69-45265 

S-69-49236 S-69-45265 

S-69-49�43 S-69-45267 

S-69-49�44 S - 6 9 -45262 

S-69-49245 S - 6 9-45Z6S 
S-69-4527: 

1 001 7 S-69-53!61 . n1  � Se:t1on E/W S-69-45271 
S-69-53!62 S -69-45272 
S-69-53!63 S-69-45273 
S-69-53)64 S-69-45274 

I 001 7 , 1 6  S-69-53)82 F l i r  Section E/W S-69-45275 

S-69-53?83 S-69-45276 

S-69-53?84 S-69-45277 

S-59-53?85 5 -69-45278 

S-69-54)23 S -69-45279 
S-69-<5280 

1 C C 1 7 , 1 5  S-59-54J58 T� i r. Secti on c /'tl' S -69-45281 
S-59-54J59 S-69-45282 

1 0: 1 7 , 1 6  S-69-54]62 : r. 1 n Secti o n  3/'.-! S-69-45233 

S-69-54J63 1001 8 , 1 9  S-69-45976 :-1ug S r. c :  8 ,  
S-69-54065 S-69-;5977 

1 00 1 7 , 1 3  S-69-54066 T h � n  Section 8/W S -69-45978 
S -69-45979 

i 00 1 7  S-69-54089 T h i n  Sec:ti on B/�J S - 6 9-45982 
S-69-59252 S - 6 9 -45:?8; 
S-69-59333 S-69- 45982 

1 00 1 7 ,[1 S-70-48930 Thi :", Section c S - 69-�5983 

S-70-48931 S - 69-45984 
S -69-45985 

1 0 0 1 7  S-70-49222 Thi n Secti on Sjih s -69-4 598£ 
S-70-49223 s -69-45987 

1 00 1 7 ,20 S-70-49230 7hl n Secti on 3j',.; S - 69-<5988 

S-70-49231 S - 69-45929 
S -69-45990 

I OC 1 7 ,  1 5  S-70-49862 Thi n  Section 3/'.� S -69-L599l 
S-70 -49869 S-69-l.5992 

1 0 0 1 7 , 62 S-70-49872 Th� n Section B/�\ S -69-,:,5993 
S-70-49873 S -69-45994 

S - 6 9-45995 
1 00 1 7 , 59 S - 70-49872 . :-n r. Secti en 6/W S-69-45996 

S - 7 0-49879 s-59-45997 
S -69-45998 
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1 0':' 1 3 '  1 9  S- 9-45999 t·�u g S ho t B/J.-1 ' 001 9 S-69-54037 Th�n Section 8/W 
S- ?-45600 S-69-54038 
S - 3-456C1 S-69-54040 
S- 9-45602 S-69 - 540l1 
S- 9-45603 S - 6 9-54060 
S- 9-45604 S - 6 9 - 54061 
S - 9-45605 

l 0:]1 9 , 2  S - 78 - 1 9237 T h i �  Section 
� J2 1 S , 2 5  S - E·9-5�003 Th i r:  Section 3/t: S - 7 ::! -1 9238 

S - 69-54004 1 00 , 9  S - 7 0-48934 Tn i n S ecti on 
� :·: 1 s . S - 69-5400S• T i l i r:  Sec:i on 8/W S-70-48935 

S - 69-5401 0 

S- 69-5401 5 1 00 1 9  S-70-49975 Thi n  Section 6/W 

S - 69-5C'J 1 7  S-70-49976 

: :: 1 3 , 3 2  S - 69-5!.031 T!li r Sec ti or E./.� 1 001 9 , 1 7  S-70-50547 7h� n Section 8/W 

S - 69-5t086 S-70-50548 

S - 69-54087 10019,  i S-74-27033 Rock D i s pl ay 8/W 

� :J:· 1 s S- 69-59361 Tn i n Sec:i  or 6/\.J 1 SC 1 9 , 3 0  S-74-27036 Rock Dlspl ay 8/W 
S - 69- 59396 
S -69-59397 1 J0 1 9  S-75-31 360 R::-u Processing 

S-69-59403 S - 7 5 - 3 1 3 6 1  

s -69- 5941! S - 7 5 - 3 1 361 

s -69-5941 5 S - 7 5 - 3 1 363 

S-69-5q538 S - 7 5 -31 364 

S -70-!3932 Thi � Sec:i on S - 7 5 - 3 1 3 6 5  

S - 70-�8933 S-75-31 366 
S-75-31 367 

1 0 0 1 8 , 2 7  S-70-49113 -hi n Section B/W 
Ortho B/W S -70-<1 92 1 9 l 'VJ1 9 ,  l S-76-13354 

S-76-23355 
1 C0 1 2 ,25 S - 70-49886 Tr.i n Secti on 6/W S-76-23355 

S - 70-49887 
S-76-23357 

l C O l C. S - 74-22913 Rock J�spl  ay 8/W S - 7 6 - 23358 

S - 74-2291 9 S -76-23359 

S-74-2292J 
1 00 1 9 , 3 0 ,80 S-76-23360 Rock 

S-74-22921 
Tr.i  n Secti o 1 B/W 1 00 1 9 , 3 3  S-76-26275 

l 0 C l S , 2 , 1 6  S - 7 5-30221 Crt•10 S-76-26277 
1 ·:J J 1 S  S - 7 5 - 38222 Crtho S-76-26178 

s -75-38223 
1 0020 S-69-452 1 4  F-20: B/W 

S -75-3C224 
S-69-45224 

S -75-30225 
S -69-45368 � -75-30226 
S - 6 9 -45369 � -75-30227 
S -69-45372 � -75-30228 

3/'h 1 Q020 , 1  S -69-46479 Stereo � :J:  1 8 .  1 7  � -75-38537 Sawed Surface 
S -69-46420 

1 00 1 8  ;;: - 75-38538 Ortho 5 - 69-46481 

1 00 18 ,32 �-75-309t3 Tni n Section 10020 S-69-47332 Stereo B/W 
S-69-47333 

1001 8 , 2!. S-76-21 352 Rock Proce s s � ng S-69-47334 
S-76-2� 353 

S-69-47335 
1 0 0 1 8 , 32 S-76-25310 Thi n Secti on B/W S-69-47340 

S-76-263 1 2  S-69-47341 

S-69-45210 c -201 8/i.-: 
S -69-47342 1 80 1 9  
S-69-47343 

S-69-45221 
S-69-47344 

1 C019 S-69-46255 Stereo B/W S -69-47345 
S-69-46256 

1 00 20 . 2 5  S-69-540 1 4  Thi n Section B/W S-69-46257 
S-69-46153 10020 S-69-59272 Thin Section B/W 
S-69-46259 S-69-59284 
S-69-4626J S-69-59340 
S -59-46161 S-69-59345 
S-69-45261 

1 C0 2 0 , 57 S-70-1 8 1 7 7  =<oc.:: Displ ay S-69-46263 
S-70-18178 S-69-46264 
S-70- 1 8 1 79 s -69-4626 5 

s -69-46255 1 CC20 S-70-48936 Tnin Sect�on 
S -69-46257 S-70-48937 
s -69-46268 S-70-48938 
s -69-46269 S - 7 0-48939 
S-69-46270 S-70-48940 
s -69-46330 S-70-48941 
S-69-4633i S - 70-48946 
S-69-46332 S-70-48947 
s -69-46333 

1 0020 S - 7 0 - 4 9 2 1 4  Th i r. Secti or. 3/W 1 001 9 S-69-53966 TJ-.i n  S e : ti or. B/W S - 7 0 - 4 9 2 ' 5  
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1 0020 , 52 s -·'0-50543 Til i rt  Secti :Jrl B/� 1 0021 S-69- 5384 Stereo 5/� 
s --'0-50544 S-£9- 5385 
s -·70-50545 S - 6 9 - 5386 
s -·'0-50546 

1 0022 S - 69-45522 1-'.ug S hot D/� 
1 ooze , 57 s --'3 - 1 7980 D i s p1 ay Ca;e 8/\o.' S-69-45523 

s -·'3 - 1 7985 S-69-45524 
S -:'3 - 1 7986 S-69-45525 

1 0010 , 1 29 s --'£-25459 Roc;;. c S-69-45526 
S-69-45527 s-:'6-25469 
S-€9-45560 

10020 , 6 , 3 , 5  s -:16-25879 Rock S -69-46328 
s-:'6-25880 S - € 9-47 6 1 8  

10023,31  s-:'6-26292 Thi n S ect� '" BjVJ S - 6 9 -476 1 9  

s-:'6 -26293 1 0022 S-69-4 7623 �1icrog1·apn S/\•,' 
1 CC21 S-G9-4522S RCL Sample B/\� S - E 9-47624 

S-b9-45226 1 CG22 ,22 S-6 9-47895 Rock c 
S-b9-45227 

1 0022 S - 6 9 - 47908 Cl ose-Uc B/io. 5-fi9-4542l 

10021 S-C9-59235 Thi n Sect i o n  8/W 1 0022 , 22 S-69-53981 Tr. i r. Sec t i on D/W 
S-1:9-59236 S-69-53992 

5 -1:9-59245 S-69-54022 
S-69-54026 S-1'9-59246 
S - 6 9-54027 S-1:9-59278 
S - 6 9 - 54029 S- !)9-59281 
S - 6 9 - 54030 S- 1'9-59304 
S - 6 9 - 54031 S-69-593 1 0  
S - 6 9 - 54034 S-b9 -59323 
S-69-593 1 2  s -b9 - 59334 
S-69-593 1 3  

1 0021 s - :'0- 1 9239 Thi n  Section 
1 0022 , 22 S-70-48942 Thi n Sec t i o n  s - :'0-1 9240 

S-70-48943 s-:'0-1 9241 
S- 70-48944 s-:'0-1 9242 
S- 70-48945 s - :'0-1 9243 

s - :· c - 1 9244 1C022 , 4::J S-70-49196 r_.,;  n Sec :i cr. b/W 
1 002� , 3 1  s-:'G-49216 Th i r.  Secti or. B/W S-70-49197 

s - :·o-49227 10022 , 1 08 S-74-27829 Rock D � s p l ay G/� 
1 0021 ,23 s - :·o-49449 T h i n  Sec:ion B/W 1 0022 , 1 08 S - 7 £ -25426 Or the 

s - :·o-4945G S - 7 6-25427 
s- :·o-49451 S - 7 6-25428 
s - :·o-49452 S- 76-25429 

� 0:)21 .40 s-:·o-49469 Thi n Sect� on B ;�.�· S - 76-25430 

s-:·o-4947� 1 0022 , 5 7  S -76-26297 Th i n S ec:i on 8/W 
1 JJ21 ,28 s-:·o-49481 Th'. n  Sec-::.� o n  8!' 

S - 76-2631 1  

s-:·o-49482 1 0023 s- 69-45387 S tereo 8/W 
1 :<)21 , 30 s-: o-49483 Th� n Sec:'! on 8/W S-69-45388 

S - 6 9-45389 s-: o-49484 
S-69-45390 

1 2::21 , 36 s-: 5 -3 1 369 Rock Proces s i ng S-69-45391 
s - : 5-3; ]70 S-69-45392 
s-: 5 - 3 1 3 7 1  S-69-45393 
s-: 5 - 3 1 371 S-69-45394 
s-: ·s-31373 S-69-45395 
s-: 5-31 374 S-69-454 1 3  

1 QJ2l ' 1 0  S - i  5-3l 376 Rock Process� ng S-69-45414 
S-69-454 1 5  

1 C::21 ,29 S - i 6 -26858 Th" n Sec�, on G/W S-69-454 1 6  
S - i 6 - 26859 S-69-454� 7 
s - i E -26861 S - 6 9 - 4 5 4 1 8  

1 0022 S -E 9-45209 Conti1 gency Samp. B/W S-69-454 1 9  
S-69-45420 5-69-452 1 3  
S-69-45421 S-E 9-452 1 1  
S - 6 9-45422 S - E 9 - 4 5 2 i 2  

S-E9-4521 3 S-69-45423 
S-69-4 5424 

1 0022 S-E9-45361 S tereo S/'tJ S-69-45415 
S-E9-45362 

1 0023 5-69-59250 . ell n Se cti on !3/W S-69-45363 
S-69-45364 S-69-59251 

S -E9-45365 S-69-59254 

S-€9-45366 S-69-59255 

S-E9-45367 S - 6 9 -59256 

S-69-45380 S-69- 59257 

S-69-45381 S-69-59855 

S-€9-45382 1 0023 , 1 1  S - 7 0 - 1 9245 Th i n  S E c t i on 
S-69-45383 S-70-1 9246 



442  

' 1023 .1 1 

� :!02 3 '  ' 
' 0023 , 42 

1 :cz4 
l C :J24 

1 CJ24 

1 0C24 , � 4  

1 0 CZ4 

1 0:·24 

1 00 2 4 , 23 

1 002ii , 2 5  

1 0024 

1 C J 2 4 , 2 7  

10C24 , 2 7  
1 0(; 24 

1 :":: 224  , 2 9  

1 JJ25 

1 0025 

l CC 2 5 , 3 

1 :·: 2 6  

1 J026 . l :  

S-7J- � 92ii' 

S - 75-31 694 

S- 76-2C30G 
S - 7 6-2 6301 

S-69-4539 7 

S-69-4E026 
S -69-46 ·::127 
S -69 -4E J28 
S-69-46029 
S-69-4603C 
S - 69 -4603 1  
S - 69-46032 
S -69-46033 
S - 6 9 -t.6034 
S -69-46�35 

S-69-46329 
S -69-4 7620 
S-69-47621  
S-69 -'7622 
S-69- 47906 

S -69-5392C 

S-69-59387 

S-7'2-4395� 

S- ?C - 4 9 1 92 
S - ? C - 4 9 1 93 

S - 70- 4988C 

S -7�-49881 

S - 70-49977 
S- 70- �99 78 
S-70-499 79 
S -70-49980 

S - 7 3 - 28295 
S-73-23296 
S -73 -28297 
S -73 -28298 

S - 74-2703C 

S - 75- 3 1 693 
S - 7 f  -2626'c 
S - 7S -26262 

S -69-453 96 

S - 6 9 -45398 

S -6 9 -46061 
S- 69 -4EC62 
S-69-'6CE3 
S-69-46 064 

S -69-46065 
S -69-4D66 
S-69-46067 
S-69-46068 
S -69 -46069 
S-59-,6078 

S - 75-32 63 7 

S - 75-3 263 8  
S -75-32639 

S-69-46:)71 
S -69-"6C72 
S-69-4EJ73 
S -69-4E J74 
S-69-46o75 
S-69-46076 
S-69-46077 
S-69-46C78 

S-69-LEC7S 
S -69-"6083 
S - 6 9-4E081 

S-7 5-3 2 
S -75 -32 
S - 75-32 
S -75-3 2  

T:1 i :1 S e c t � on 

Roc k  Process i ns 
T·11 � S ecti cn 

�cL 
S terec 

\�ug Shot 

; rn  n S e c t i on 

Th i n  S e c t i o rl  

:r i n  Se cti on 

T h i n  S e c t i o n  

J.:• i :'": Sect i or. 

T1 i �  Secti or. 

Rock �\cur.: 

: i s  p l ay 
P.o::k Proces s i n g  

:r.; n Sectio� 

?C"L 

Stereo 

O r t r o  

Stereo 

Cr th o 

lOC25 . 1 0  S - 7 5 - 32597 Ortr,o 
S - 75-32593 

Sf'.·! 
1 C : 2 6 ,  1 7  S - 76- 26860 Th4 n Secti c r� 8!< 

S -76-2636 5 

6,/W 1::}�27 S -69-45556 Stereo D/ .. ; 
S- 69 -455 57 

B/W S -69-4601 E 

S - 69-460'7 
S - 69- 460 : 8  

S-69-46D� S 
S-69-4602:) 
S-69-4602; 
S-69-46022 
S - 6 9-46023 
S -€9-46024 

S -69-CEC25 

B /�l 1 0 0 2 7  S -69-4632 7 ."ug Shot E/� 
1 (]027 , 1 0  S - 7 5 - 3 2 1 86 Cr..:ho 

S-75 -321 87 

S -7 5- 32 "! 38 
S - 7 5 - 3 2 1 89 

3(.�' S - 7 5- 3 21 9C 

B /�1 S - 7 5 -32 1 91 

1 �C27 , 3 E S - 7 6-26306 Thi n Sec t i e r. s ��� 
S-7 6 -263C7 

S/W 1 0028 S-69-46036 Stereo 8/�-; 
S-69-46037 

B/�� S -69-46038 

S -69-46039 

B/'.1' S -69 - 4604C 

S - 69- 4604 1 
S - 69 -46042 
5-69 -46043 
S -69-460L! 

s;w S-69 -C604S 

S -6 9 -46046 

S - 6S-46047 

' 0028 S - 76- 21 1 43 Rock Precess i r.g 
8 /\� S -76-21 � 48 

l C029 S-69- 45748 S te rec b/W 
Sf'.� S-69-45749 

1 CC29 , 1 J  S - 7 5 - 33C58 Orthc 

6/W S-7 5-33S59 
S-75-3306C 

B,n,.; 
1 0030 S-69-46C48 S te!"eo s;:...· 

S-69-46049 
S-69-46050 
S- 69-4605� 
S- 69-46052 
S-69-46053 
S-69-46054 
S-69-46C55 

S -6 9-46C:56 
S-69-46C·5 7  
S - 6 9-45058 
S - 69-46059 
S- 69-46060 

1 0030 , 5  S-76-2� 142 Rock Proces s i ng 
S/l1' 

10031  S- 69-45401 Stereo 3/W 
1 0031 S-76-2 1 1 4� Rock Proces s i ng 

S- 76- Zl l L/ 
1 0032 S - 6 9-46005 s:ereo 5 N  

S-69-46007 
S -69-46008 
S -69-46009 

S -69 -<601 0 
S-69-46Ci � 
S-69-4EC12 
S -69 -46C1 3 
S-69-46014 
S-69-4601 5 



4�3 

1 0032 , 20 S - 7  -31 696 Orti:o i 0044,57 S- 0-489 2 Th � n  Sec:i on 
S -7 - 3 1 691 S - 0-489 3 
S - 7  -31 69:3 S - 8-489 ' 
S -7 -31 699 S- 0-489 5 
S-7  -31 700 

1 0044 , 57 S-70-49981 �n n Secti on 3,  ' S-7  - 3 1 70 I 
S-70-49982 

1 8·J32 , 26 S-76-2582·1 Thi n S e :: t i o n  8/W S - 70-49983 
S-76-2582 > S-70-49984 

l CQ44 S-69-4553;3 Stereo B/�1 l 0044, 5<1 S-74-27031 Rock D i s p l ay 6/\o,' 
S-69-45539 

1 C044 , 59 S - 7 5 - 3 1 6 9 1  Ortho S-69-4554') 
S - 7 5-31 692 S-69-45541 

S-69-45542 1 0�44 , 1 5  S-75-3 1 695 Or:ho c 
S - 6 9 -45543 

1 0044 , 1 89 S -76- 25541 Rock S-69-45544 
S-69-45545 S-76-25543 

s -69-45545 1 8044 , 5 5  S-76-25827 Thi  r Sec: "i o n  B/�· 

S-69-45547 S-76-26295 
S-69-45543 

1 0045 S-69-45584 Stereo 8/1> S-69-4554) 
S-69-45585 S-69-4555) 
S-69-45586 S-69-45551 
S-69-45587 S-69-45552 
S - 6 9-45588 S-69-45553 
S-69-45589 S-69-45554 
S-69-45590 S-69-45555 
S-69-45591 S-69-45564 
S-69-45592 S-69-45565 
5- 69-45593 5-69-45566 
S -69-45594 S-69-45567 
S-69-45595 S-69-45568 
S-69-45596 S-69-45569 
S -69-45597 S-69-45578 
S-59-45598 S -69-45571 

S-69-45572 S-59-45599 

S-69-45573 S-E9-45EClG 

S-69-45574 S-59-456Cl 

S-69-45575 S -E9-45602 

S-69-45576 S-69-'56C3 

S-69-45577 S-69-4o6o4 

S-69-45578 S-69-456C5 

S-69-45579 S-69-45606 

S-69-45580 S-€9-45607 

S-69-45581 ' 0045 S-69-45658 ...,ug Shot E ; i-i  
S-69-45582 i 0045 , ;  S-69-46486 Stereo E ; W  S-69-45583 

1 c044, 1  S - 69-46484 Stereo B/\,1 1 0045 S-69-47324 Stereo E ; W  
S-69-47325 S-69-46485 
S-69-45326 

1 •c044 S -69-47328 Stereo 8/'..J S - 59-45327 
S-69-47329 

1 0045 S-59-57237 Tf. i n  Secti:>r i3, v. S-69-47330 
S-69-47331 S-69-59305 

S-59-59317 
1 0044 S -69-57249 Th i n  Section s;•,..r S - 59-59322 

1 0044 , 50 S-69- 59242 :h� n Section 81'' S-59-59327 
S-59-59830 

10044 S-69-59319 Thin S e c t i on s;• S-59-59832 
S-69-59320 

1C045 S- 70-48956 T h i n  Sec t i o n  S-69-59321 
S-69-5932< S-70-48957 

S- 7>48958 
1 0044,49 S - 6 9 -59332 ";'h� n Secti on s;• 5- 70-48961 

1 0044 S-69-59339 Thin Section 8/.< s -7 '-48963 

S-69-59344 D045 S-78-49001 -�;  !1 S e ct � or  S,",.; 
S -69-59363 S-78-49002 
S - 6 9 - 59364 S- 7�-49985 

1 0044 , 50 S-69- 59367 Thi r. Section Bl'• S-70-49986 
S- 7:-49987 

1 00<4 S-69-59365 Thi  '1 Secti on B/1,' S-70-l19988 

1 00'4,49 S-69-59398 Thi r. Secti on B/1<: 1 0045 S-7 -31 795 Reck Proces s i ng 
S -6 9 - 59399 S - 7  - 3 i  7 9 6  

1 0044 S-69-59828 Thi r. Section 8/W S-7  -31 797 

S-69-59833 S - 7  -31 799 

S-69-59834 S-7 - 3 1 800 
S - 7  - 3 � 803 

1 0044 , : 1  S - 7 0-4895 ::: Thi r. Secti on S - 7  -31805 



4 4 4  

1 8 :4 5 , 47 S - 76-20�53 R:·CK l 0046 ' 1 93 '  1 9 4  S-75-33424 :Jrtho 
S - 76-20459 S - 75-33425 

1 0 J 4 5 ,  l 7  S-76-25837 T 1 i  'l Sec:i cn B/W 
S - 7 5-33426 

S -76-26263 1 004 6 , 1 95 ,  � 9 8  S -75-33599 Ortno 
S - 7 5 -33600 
S - 75-33601 

� 0046 S-69 -45608 Stereo Bhl 
1 0046 , 9 4 , 1 93 S - 75-33825 Reck Processing c S -69-45609 

S - 5 9 -4 5 6 1 0  1 C046 , 1 52 S -75-33974 Ortho c 
S -69-456 1 :  S-75-3397 5 
S-69-456 1 2  

1 0046 , 1 29 , 8 , 1 24 S - 76-207 1 9  Rock S-69-456 1 3  
S-69-4561 4  S - 7 6-20720 

S-69-1156 1 5  1 00,6,53 S - 7 6-25828 Thi n S e c t i on B/' 
S -69-456 1 6  S-76- 25829 
S-69-456 1 7  

l 0047 S-69-45561 Stereo 8/W S - € 9-456 1 3  
S -69-456 1 9  S-69-45562 

S-69-45632 S-69-45620 
S-69-45633 S-59-45621 
S-69-45634 S-69-45622 
S-69-45635 S-69-45623 
S-69-45636 S -69-45624 
S-69-45637 S - 69-45625 
S - 6 9 -45638 S-69-45626 
S-69-45639 S-69-45627 

S-69-45628 S -69-45640 

S-69-45629 S-69-45641 

5-69-45630 s -69-45642 

5-69-45631 s -69-45643 
S-69-45644 

1 0046 S-69-45657 �·ug S h ot B/ '11' S-69-45645 

1 0046 , 1  5 - 6 9 -46489 Stereo E./\�· 5-69-45646 
5-69-45647 

1 0046 S -69-47683 P�  t De ta i l  3/'..J S - 69-45648 

1 0046 S-69-49 2 1 2  �:�..; S h o t  3/\� S -69-45649 
S -69-45650 S-69-49 2 � 3  
S-69-45651 S-69-49 2 1 4  
S -69-45652 

l D046 s -69-53959 Th � n Sect i or 8/W S-69-45653 
S-69-5396:1 S - 6 9-45654 
S-69-53973 S - 6 9 - 4 5655 
S-69-53974 S -69-45656 
S -69-53986 

I OJ47 , � S - 6 9-46482 Stereo 8/\oi s -€9- 53987 
S -69-53988 S-59-46483 

S-69- 5398S � 0047 S-69-47907 Stereo B /'..J 
S-69-5399C 

� 0047 S-69-53977 Tn i n  S e c t i on B/'..J S - 6 9 - 59243 
S -69-59248 S-69 -53980 

S-69-592 7·:! S - 69-5401 1 

s -69-592 79 S-69-540 1 2  

S-69-59355 S - 6 9 - 54044 
S - 6 9 - 54043 S-69-59376 
S - 69 - 54064 S-69-59377 

S -69-59378 S - 6 9 -59269 

S-69-59379 S-69-59277 

S - 6 9-59543 S-69-59282 

S - 6 9-59844 � 0847 S - 70-43962 ih i n  S e c t i o n  
S -69-59847 

1 0047 , 42 S - 7 0 - 4 9 1 1 2  Thin Secti on 8 /� S-69-59849 
S -69-59853 S -70-492 1 3  

S -70-1 9248 1 0847 , 25 S -70-53539 Th i n  Section B h; 

10C4E , 6 5  S -70-l 9 5 l l  Tbi n Se::tior. 8/'< S - 70-50540 

S -70-1 95 1 2  S-70-50541 
S -70-50542 

10C46 S -70-49224 '"� i r.  Sectio� 8/'..J 
lJJ47 , 1 , 1 5 1  S - 7 5 - 25083 Ortho S - 7 0 -4 9 2 2 5  

S -7 5-25084 
1 C 0 4 6 , 59 S-74-27C,38 Rock Di spl ay 8/'..J S - 7 5 - 25085 

1 C 0 4 6 , 4 E  S -75-327il  Recons tr:;c:i or. S - 7 5-25086 

5-75-32772 S - 7 5 - 25087 

S - 75-32773 1 0047 , 5 8 , 93 S - 7 5-2651 1 Or tho 
S-75-32774 S- 75-2651 2 
S -75-327i5 S - 7 5-2651 3 
S -75-32776 S - 7 5 - 2 6 5 1 4  

1C046 , 1 9 3 , 1 9 4  S - 75-33422 Ortno 1 0047 , 2 7 , 54 , 5 6 5-76-25537 Rock 
S -75-33423 S-76-25542 



-i 45 

1 0047,47 S-?E-26298 T.'li n Section B/W 1 00 48 , 67 S - 7 0 -50555 T h i n  Section 'B!'< 
S-76-26299 S - 7 0-50556 

10048 S-69-45659 S terec B/W 1 0048 , 5 1  S-74-25904 RoCK D i s p l ay o,;:, ; n  
S-69-45660 S-74-25905 
S-69-45661 S-74-25906 
S-69-45662 S -74-25907 
S-69-45663 

1 0048 , 0  S - 76 - 2 5 4 1 1  Ortnc S-69-45664 
S-69-45665 S - 7 6 - 2 5 4 1 2  

S -69-45666 S-76-254 1 3  

S-69-45667 S - 76-25414 

S-69-45568 S -76-2541 5  

s -69 -45569 S -76-254 1 6  

S-69-4557:! S -7 6 - 2 54 1 7  

S-69-45571 S -76-25418 

S-69-45072 S - 76-254 1 9  

S-69-45573 1 0048,9 S - 7 6-24823 RocK 
S-69-45574 

1 0048,49 S - 7 6-26846 Rock S-69-45575 
S - 76-26847 S-69-45-576 

S-69-45-577 1 �848,66 s -7 6- 26862 7h i r:  Sectl on B / n' 
s -69-4567 8 

1 0049 S-69-45684 S:e�eo S/;..· S-69-45679 
S-£9-451)80 S-69-45685 

s -69-45681 S-69-45686 

S-69 -45682 S-69-45687 

s -69-45683 S-69-45688 
S - 69-45689 

i J048 s -69-46 1 65 �iu g Shot B/'.�r S - 69-45690 
S-69-46

. 
66 S-59-4569! 

S-69-46167 S -69-45692 
S-69-46. 68 S-69-45693 
s -69-46" 69 S-69-45694 
S-69-46. 70 5-69-45695 
S-69-46. 7 1  S-69-45696 
S-69-46. 72 S - 59-45697 
S-69-46. 73 S - 5 9 -45698 

1 0048, 1 S-69-46490 Stereo s n  S-69-45699 
S-69-457CO 

1 0048 S-69-47601 c: ; t Deta i 1 B /1-.' S-69-45701 
S-69-47602 S-69-457C2 
S-69-47603 S -69-45703 
S-69-47f,04 S-69-45704 
S-69 -47f,05 S-69-45705 
S-69-47[,06 S - 69-45706 
s -69-47€ 07 S -69-45707 
S-69-47608. S-69-45708 
S-69-47E89 S- 69-45709 
S-69-4761 0 S-69-.157 1 0  
S-69-47 6 1 1 S-69-4571 1 

10048 S-5S-53S56 Thi r. Secticn 3/\o.' 
S-69-457 1 2  
S - 6 9 - 4 5 7 1 3  S -69-53975 
S - 6 9 - 4 5 7 1 4  S-69-59237 
S-69-457 1 5  S-69-59238 
S-69-4 5 7 1 6 S-69-59286 
S-69-457 1 7  S-69-59841 

S-69-59251 1 0049 , 1  S - 6 9-46487 S tereo B/W 
S-69-59252 

1 0049 S-59-47336 S tereo B/W S-69-59858 
S-59-47337 

1 2048 S-70 - : 9 2 5 1  T'1i r. S e c t i o n  S-69-47338 
S-70-19252 S-69-47339 

1 CC:48,4S S-70-47601 �lug Shoe 8/1> 1 0049 S-69-57241 T h i n Secti on s. ·� 
S-70-47601 S-69-59273 
S-70-�76J3 S-69-59283 
S-70-47604 S-69-59347 
S-70-47605 S -69-59352 

i 00l.3, 5 3  S-70-43954 · r1  r_ Sect'or. S-69-59382 
S-69-594 1 3  s-7o-4ssoo 
S-69- 59854 S-70-48950 
S-70-1 7980 S-70-48957 

S-70-48958 S-70-1 7981 

S-70-48969 S-70-48995 
S- 70-48996. 

1 0048,33 S-78 -494 7 1  nn "  Se:ti  o n  8/� S - 70-48997 
S-70-49L:'2 S - 7 0-48998 

1 0048,48 S-7�>�98.34 7 h i n  Section 8/W S- 70-48999 

s -70-498.35 S - 7J-490CO 



44E 

10049 , 2 1  S-70-49447 T h i n Section B/W 1 0056 S-E9-46188 Nug Shot E/V.. 
S- 70-49448 S-69-46189 

�0049�22 S-70-49475 Th�n S e c t i o n  B/W 
S-69-46190 
S-69-46191 S-70-49476 
S-69-46192 

�8049 . 0  S-76-25446 Orti1o S-69-46193 
S-76-25448 S-69-46194 
S - 7 6 -25449 S-69-46195 
S-76-25452 S-69-46196 
S-76-25455 S-69-46197 
S-76-25456 S-69-46198 

l�C49 , 3S S-76-2 5838 "T h i n  Secti on Bjl..J 1 0056 S-69-471 05 Post S pl i t  3/W 
S-76-26330 S-69-47106 
S-76-26331 S-69-47107 

10050 S-69-45718 Stereo B/W 1 0056 S-69-47604 Rock Bt.� 
S-69-45719 S - 69-47605 
S-69-45720 S - 69-47606 
S-69-45721 S-69-47607 
S-69-45721 S-69-•7608 
S-69-45723 

1 0056 S-69-59308 Thi n Section S/W S-69-45724 
S-69-593 1 1  S-69-45725 
S-69-59316 S-69-45725 
S-69-59348 S-69-45727 

S-69-45728 1 0056 S-70-19253 Thin Section 
S-69-45729 S-70-1 9254 
S-69-e573C S-78-19255 
S-69-45731 S-70-1 9256 
S-69-45732 

10056 S-70-1 9526 Tnin Section B/�' S-69-45733 
S-70-1 9527 S-69-45734 
S - 7 0 - 1 9518 S-69-45735 
S-70-1 9519 S-69-45736 

S-69-45737 1 0056 , 1 4  S-75-32571 Ortho 
S-69-45738 S-75-32572 
S-69-45739 S-75- 32573 
S-69-45740 5-75-32574 
s -69-45 7 41 S-75-32575 
S-69-45742 S-75-32576 
S-69-45743 

� 0056,42 S-75-32657 Processl ng S-69-45744 
S-69-457 45 1 0056 , 26 S-76-25832 Th i n  Section 6/W 
S-69-45746 S- 76-26264 
S-69-45747 S-76-26265 

10050 , 1  S-69-C6478 Stereo 6/W 1 0057 S-69-46271 Stereo 8/W 
: :Jnsc S-69-57234 ihi n  Sectior. B/W 

S-69-46272 
S - 69-46273 S-70-49003 
S-69-46274 S-70-49004 
S-69-46275 S-70-49005 
S-69-46276 S-70-49006 
S-69-46277 S-70-500 1 7  
S - 6o-46273 S - 7G-5C0 1 8  
S-69-46279 

1 :J:J50 S-76-21 349 Rock Proces s i ng S-69-46280 
S - 7 6 - 2 1 350 S - 69-46281 
S-76-2 1 35 1  S-69-46282 

10050 , 1 1  S-76-21 738 V.'eathered Areas 
S-69-46183 
S-69-46284 S - 76-21 739 
S-69-46285 

� :JD 5 :J , 3 6  S - 7 6 - 26261 "; h i n  Secti on 8/W S-69-46286 
S - 7 6 - 26272 S-69-46287 

1Q054 , 6C. S - 70-49882 T:ti n Secti on 8/fl 
S-69-46288 
S-69-46289 S-70-49883 
S-69-46290 

1 CC5E S-69-46 1 74 ·�ug Shot 8/\; S-69-46291 
S-69-4El 75 S-69-46292 
S-59-46 1 7 6  S -69-46293 
S - 69-461 77 S-69-46294 
S-69-461 78 S-69-46295 
S-69-46179 S-69-46296 
S-69-45180 

10057 S-69-47471 PCTL Chip 3/W S-69-45181 
S-69-45181 1 0057 S-69-47477 Post C h i ::�  B/W 
S-69-46183 S-69-47478 
S-69-•6184 S-69-47479 
S-69-46185 

1 0C 5 7 , 3 3  S-69-54018 Th i n  Section 8/\,.; s -69-461 86 
S-59-46137 S-69-59335 

S-69-59366 



4�7 

1005 7 , 33 S-69-59386 7hi n S e c t i o n  8/�' 1 0058 -69-<7321 Stereo 8/W 
S-69-59407 -69-47322 
S - 69-59408 -69-47323 
S - 7 0-49007 

1 0053 5 -69-47474 Post Ch i p  6/� S -7�-49008 
S-69-47475 

1 0057, 77 S - 70-49870 -:- h i n  Secti on 8/,, 5 - 69-47476 
S - 70-49871 

1 0058 S - 69-47485 C 'l i p p i ng S/� 
l OC57 S - 7 � - 49969 Th"i r, Sec ti on Bi:< S-69-47486 

S-70-49970 
1 0058 S - 69- 59247 Tni n Section o .:...: 

1 0057 , 5 8  S-74-22871 Catr.edra 1 Se c . 5 -69-59249 
S-74-22872 5-69-5925E· 
S-74-22873 S-69-59261 
S-74-22874 s -69-59263 
S-74-22875 S-69-59341 
S-74-22876 S-69-59354 
S-74-2:,877 S-69-59358 
S - 7 4-22878 5 -69-59395 
S-74-2 ,879 S-69-59825 
S-74-22880 s -69-59835 
S-74-22881 s -69-59836 

10057 , 3 0  S-74-2·i354 Rock C i s p 1 ay s -70-49009 
S -70-49010 S-74-2i355 
S -70-490 � 1  S - 74-2:3356 
S - 70-490 � 2  S-74-2:i357 

S-74-25358 i 00 58 , 3 3  S - 70-49874 -:- h 1 n  Secti e n  3/"n 
1 0057 , 1 9 , 9 8 , 1 0 5  S-75-2D520 RocK S - 70-49875 

S - 7 5-2::521 1 0058 S-70-49967 Th i n  Section 8/'.o. 
S -75-20522 S-70-49962 
S-75-2:J523 

1 00 58 , 3 4  S-74-27:J32 Roc k C i s ;:: l ay B i;.. 
1 :):) 5 7 , 28 S - 7 5 - 3 4 1 3 9  Ort'l: 

1 0058,3 S-75-21 347 Rock Process; ng S-75-34140 

1 0057 , 1 4  S-75-3441 5 Crti-t:: 1 0:)53 , 2 , 34 S-76-21354 Rock Process i ng 
S - 7 5-344 1 6  S-76- 21 355 

S -75-3441 7 1 8058 , 1 09 S-7€-2329: PocO< 
S -75-34424 S-76-2329€ 

1 0:57 , 1 3  S-76-21 408 Roc< i='rocessing 1 :)')58 , 5 1  S-76- 26326 T h i n  Section B /1-1 

1 0057 , 9  S-76-20323 Roc� S -76-26327 

S-76-20326 l 0059 S-69-47081 S t ereo B/'VI 
s -76 -20327 S-69-47082 
S-76-20328 S-69-47083 
S -76-207 1 7  S-£9-47084 
s -76-2071 8 S-69-47:l85 

1 JG57, 204 S-76-2C325 Rock S-69-�708€ 
S-69-47087 

1 0057 , 1 3  S -76-2 1408 Rou S-ES-47088 

1 0:)57 , 3 1  S-76-26 3 1 5  T'1i -: S e c t i o n  8/W S - € 9-47089 
S-69-4709C S - 7 6 - 2631 6 
S-69-47091 

1 DC58 S -69-46297 Stere·J C/W S-69-47092 
S-69-46298 S-69-47093 
S-69-46299 S -69-47094 
S-69-46300 S-69-47095 
S-69-46301 5 - 69-47096 
S-69-46302 S-69-47097 
S - 6 9 -46303 S -69-47098 
S-69 -46304 S -69-47099 
S - 6 9 - 46305 S - € 9 - 4 7 1 00 
S -69-46306 S -69-4 7 1 0 1  
S -6 9 -46307 S-69-471C2 
S-69-46308 s -69-47� 83 
S-69 -46309 S-69-47 l C4 
S-69-463 1 0  S-69-47316 
S -59-4631 1 S-59-47 3 1 7  
S-69-46 3 1 2  S - 69-473L6 
S-69-463 1 3  S-69-473L7 
S -69-463 1 4  S-59-47348 
S -69-463 1 5  S-59-47349 
S-69-46 3 1 6  S-f9-4735C 
S-69-46 3 1 7  S-69-4735� 
S -69-46318 S-69-47352 
S-69-463 1 9  

1 C059 S-69-46320 S-69-492C5 \ug Sho t B/',.,: 
S - 69-473 1 8  S-E9-492C5 

S -69-473 1 9  S-69-492C7 

S-69-47320 S-69-492C2 



.::::c. 

1 0059 S-69-"9109 �·ug S 'lc t  B/W 1 0060 S - 69-59826 Thi n Section 3/11 
S -69-!.9 2 1 -J  S-69-59837 
S-69-49 2 1 !  S - 69-59839 
S-69-49287 S - 6 9-59845 
S - 69-49188 S-69-59848 
S-69-49189 S - 7 0 - 1 9538 
S-69-49190 S - 7 0 - 1 9539 

1 0059 s -69 -59853 T'l i n  Section B/W S - 7 0 - 1 9540 
S -7 0 - 1 9 541 S -7 0 - 1 9530 S - 70 - 1 9 543 5 -7 0 - 1 9 5 3 1  
S-70-490 1 3  S-70-19532 S-70-49 0 1 4  S - 7 0 - 1 9533 S-7:-490 1 5  S-70-1 9534 S - 7 0-4901 6 S - 7 0 - 1 9535 S-?J-49017 S - 7 0 - 1 953E S -70-490;8 S - 7 0 - 1 9537 

I J059 , '  S - 7 0-5CC21 Thi 1 Sect i or. 8/� 
10060 ,35 S-70-49876 Tni n Section 8/W 

S - ? 8 -:0:;22 S -70-49877 

1 JO S 9 ,  52 , s� S-76-21 4 � 0  P.Gc!< Prccess � n:; 1 0060 S-70-50013 T h � n  Section B/W 
S-70-5002< S - 7 6- 2 1 4 1 1  S-70-50025 

10059 , 63 S-76-22650 Ortho 
1 Q06C , 5  S-76-25884 Ortho S -76-22651  S-76-25885 S -76-22652 

S-76-15886 S -7£-22653 
S - 76-25887 S-76-12554 S - 7 6- 15838 S -76-22555 
S - 7 6 -15889 

1 0C 5 9 , 4 ;  S - 7 5 -15335 - 'l i n  S e c t i o �  6 /'.-.! S-7 6-15890 
S-76-16166 S - 76-25891 
S -76-26267 i 0060 , 46 ,38 S-76-25544 Rock 

,8060 s -69 -4649 1 S : e:eo B!'" S-76-25549 
S-69-46492 

10060 , 49 S-76-26323 Th i n  Sectior. B/W s -69-46493 
S - 69-46494 S - 7 6 - 16324 

S-69-46495 S-76-16325 

S-69-46496 10061 S-69-46501 Stereo 6/W 
S -69-46497 S-69-4F.502 
S - 69-46498 S-69-46503 
S-69-46499 S-69-46504 
S - 6 9-46500 S-69-46505 

1 0860 S-69-48450 �1ug Shc t  B /'�\· S-69-46506 
S-69-46507 S-69-4845' 
S-69-46508 

s -69 -48452 S - 69-46509 S-69 -48458 
S-69-4651 C s -69 -48<59 

108EC S-69-49223 Rock B/t� 1 0061 S-59-47 6 1 7  ��ug S h o t  B/W 

S-69-49224 1 00 5 1  S-69-54002 Til i n  Section Bj\o.l 
S-69-49225 S-69-54056 
S-69-49231 S-69-54057 
S-69-49232 

1006 1 ,10 S-69-54069 T h i n  Section B i'' S-69-49233 S-69-54070 S-69-49240 
S-69-49241 10061 S - 69-54085 Tr1 i n  Section B/W 
S-69-49242 S - 6 9 -59285 

i006C S-69-53;?6 T h i n  Sect� on B/14 S - 69-59309 
S-70-1 9509 S-69-59239 
S-70- 1 951 0 S-69-59240 
S - 7 0 - 1 9542 S-69-5921; i 

S - E 9 - 59259 10061 ,40 S - 7 0 -4 9 0 1 9  Th i n  Secti or. s;w 
S -69- 59268 S - 7 0 -4982: 
S-69-59271  S-70-49021 
S-69- 5928:) S - 7 0-49022 
S-69-59294 

: 0061 , 3 9  S -70-49216 T h i n  S e c t i on 3/� S - 6 9 -59295 
S-69-59299 S-70-492 ' 7  

S-69-59302 1 oos;  ,42 S - 7 2-46777 �h i n  Secti or. B/W 
S-69- 59303 

10061 , < 3  S-74-27041 Rock D i s p l ay B;w S -69-59328 
S-69-593!9 10061 S-75-34224 Rock Processing c 
s -69-59350 S-75-3t.225 
S-69-59353 S-75- 34226 
S -69-59381 S - 7 5-34227 
S -69-594:4 S - 7 5-34228 
S-69-594J5 S - 7 5-34219 
S-69-59426 S-7 5-34230 

S - 7 5-34263 



440 

1 0061 S-76-20470 Peck 1 0063 S-69-46528 Stereo s;�· 
S-76-20471 S-69-46529 
S-76-2G472 S-69-46530 
S-76-20473 S-69-46531 

1 006i , 28 S-76-25836 7hi n Section B/W 1 0063 , 1  S-75-30486 Crtho 
S-76-2631 3  S - 7 5-30487 
S-76-2631 4  S-7 5-30488 

1 8062 S-69-46S l l  Stereo B/W S-7 5 -30489 
S-75-30490 S-€9-46512 
S - 7 5-30491 S-69-46513 

S-£9-46514 1 0063 , 1 , 1 4 , 1 5  S-75-34399 Roci< Proces s i n£ 
S-69-4651 5  

1 0063 , 1 7  S-76-26274 Th�r. Sec!ion 6/W S -6 9-465 1 6 
S-69-4651 7 S-76-26275 

S-69-4651 8  1 006 3 , 1 S-76-26837 P h oto�i crogra.p� 
S-6 9-4651 9 S-76-26838 
S-69-46520 S-76-26839 
S-69-46521 

l COM S-69-46614 S tereo B/\oi 
1 0 J 6 2  S-69-48447 r'.ug S h o t  B/W S-69-4661 5 

S-69-48448 S-69-46 61 6 
S-69-48449 S-69-466 1 7  
S-69-48460 S-69-4661 8 
S-69-48461 S-69-46619 
S-69-48462 S- 69-46620 
S-69-48463 S -69-46621 
S-69-48464 S -69-46622 
s -69-4846 5 

1 0064 , 6  S-76-20397 Ortho S -69-48466 
S -69-48467 S - 7 6-20398 

S-69-48468 S-76-20399 

s -69-48469 S-76-20400 

S-69-48470 S-76-20401 

S-69-491 42 1 0064 , 2 5  S-76-26319 T'l l n  Section s;w 
S-69-49143 S-76-26320 
s -69-491 44 

1 0065 S-69-46623 Stereo B/W S-69-49145 
S-69-49146 S-69-46624 

S-69-49147 s -69 -46625 

S-69-49148 S-69-46626 
S-69 -46£27 

10062 S-69-49219 RJ:k 8/W S -69-46626 
S-69-49226 S-69-46629 
S-69-49227 S -69-46630 
S-69-49228 S-69-46631 
S-69-49229 

' 0065 S-69-5491 0 Th i n Sect i on S/W S-69-4923C 
S-69-49237 S- 69-59244 

S-69-49236 S -69-59264 

S-69-49239 S-69-59266 
S-69-59267 

10062 S-69-59371 -:-h i n  Section 8/W S-69-593 1 5  
S-69-59375 S -69-59318 
s -6  9- 59391 S-69-59326 
S-69-59394 S - 6 9 - 59359 
S-69-59831 S-69-59360 
S-6 9-59838 S-69-59365 
S-69-59842 S - 6 9-59380 
S-71-49023 S-69-594 l l  
S-7 )-49024 S-69-59824 
s -? l-49025 s -69-59827 
S-70-49026 s -69-59829 s -n-5081 9  S-70-19505 
S-7,J-50020 S - 7 0 - 1 9506 

10062,33 S-7i-2221 0 Rock P rocess i ng S-70-1 9545 
S-70-49027 s -7 i-222 1 1 
S - 7 0-49028 

1 0062 S-?i-2 1 5 1 5  Cr:ho S-70-49971 
S-7'5-21 5 1  C S-70-49972 
S-7�-21 51 7 

1 0065 ,7 S-76-21 51 8 S-74-27044 Rock C� sp� ay D/� 
1 0062 , 3 5  s-7c -26268 n : n  Section B/W 1 0065,7  S-76-22541 Ortr.o 

S-7t-26271 S-76-22542 

1 0063 S-69-46522 S:erea B/W 1 0065 , 49 S -76-22543 Ortr:o 

S-69-46523 S-76-22544 

S-69-46524 1 00 6 5 , 7  S - 7 6 - 22546 Orthc 
S-69-46525 S-76-22547 
S-69-46526 S-76-22548 
S-69-46527 S-76-22549 



450 

10C:55 , 30 , 43 

10065,27 

I 0066 

1 8C6 6 , 1  

l ·J:66 , 28 

10066 , 53 

1 :067 

� J8E7 

1 0067, 1 8  

18067 , 5  

10067 , 1 2  

1 C:··:E7 , 3 

1 0067 , 9001 

1 0067 , 1 0  

� :cs2 

S - 7 6 - 1 3 3 6 1  
S -76-233£ 2 
S -76-23363 
s -76-23364 

S -76-2 5833 
S-76-25834 
S -76-76363 
S -76- 76864 

S -69 - 46632 
S -69- 46633 

S-69-46634 
S-69-46635 
s -69-46636 

S -69-46637 
S-69-4E638 
S-69-46639 
S-69-46640 

S -75-31 1 1 1  

S -75 -3 1 1 1 2 
S -7 5 - 3 1 1 l 3  
S-75-3 1 1  1 4  
S-75-3 1 1 1 5  
S -75-3 1 1 1 6 

S-76- 25257 
S- 76- 26288 
S -76 -26289 

S -76-26281 

S-76-26282 

S -69-4664 1 
S-69-46642 
S-69-46643 
S-69-46644 
s -69-46645 
s -69-46646 
s -69-4664 7 
S -69 -4 5648 
S-69-45649 

S-69-59265 
S -69-59295 

S -69-593 2 5 
s -59-59329 
S-69-59388 
S-69-59389 
s -69 -59390 

S -70-49220 

S -7 0-',9121 

S-70-52553 
S-70-50554 

S -76-2:928 
S - 7 6 - 2 1 9 2 1  

S - 7 6 - 2 1 923 
S -76-21 924 

S -7 5-222 1 4 

S-76-222:5  

S -76-25269 
S-76-25270 

S-69-46650 
S -69-46551 
S-69-46552 
S - 69-46653 
S - 69-46654 
S-69-46655 
S - 69-46656 
S -69 -46657 

S -69-47064 

S -69-47065 

S -E9-4706E 
S-69-47C67 
S-69-47068 
S-69-47069 
S-69-47070 
S - 69-4707 1 
S-69 -47072 

Rock c 

T� i n  Sec t i o n  8/W 

S tere o  8/� 

Rock Process i ng 

Tr.i n Se cti on s;w 

-:- h i n  Section 3/W 

Stereo s;w 

I� in Secti or. 8/>< 

T'l i n  Sec�i o n  B / W  

T h i n  Secti on 3/W 

�ock Process i ng 

Reck Proces s i ng 

Roc" Process i ."1g 

T n i n Secti on B/\� 

S tereo B/W 

1 0068 S-69-59331 T h i n  Sectio:1 B/� 
S-69-59356 
S -69-59357 
S -69-59400 
S-69-594C2 

1 0063,36 S - 7 0- 1 9 5 1 3 Thir. Secti on 6/ '..: 
S-70-1 9 5 1 4  
S-70-1 9544 

1 006 8 , 1 2 , 3 3  S - 7 6 - 2 2 2 1 2  Rock Process i ng 
S -76 -222 1 3 

1 00 5 8 , 5  S-76- 22539 Rock Proce s s i n g  
S-76 - 22545 

1 8068 , 35 S - 7 6 -26328 T h i n  Sec:icn s;w 
S -76-26329 

1 0069 S - 69-46658 Stereo S/'vi 
S -69-4E;6 59 

S-69-46660 
s -69-46661 
S -69-46662 
S -69-46663 
S -6 9-46664 

S-69-46665 

1 0869 S-69-47 6 1 5 r·�ug S h o t  8/\.i' 

1 n069 S-69-59275 Thin Secticn B/�. 
S-69-59 292 
S-69-59336 
S-59-59342 
S -69- 593 51 
S -69- 59 372 
S - 69-59383 
5-69-59393 
s -69-5941 2 
S - 7 0 - 1 9 507 
S-70- 1 9508 
S - 7 0-489 7 5  
S - 70-48976 
S -70-48977 
S - 7 0-48978 
S -70-48979 

S -70-48980 
S-70-49029 
S-70-49030 
S -70-4903 � 

S-70-49032 

1 0069 , 3 1  S-76-23293 Rock 
S -76-23294 

1 0069 ,4 S-76-23281 Ort:1c 
S-76- 23 282 
S -76 - 23283 
S-76-23284 
S - 7 6 - 23285 
S -7 6- 23 226 
S - 7 6 - 23287 

1 0069, 37 S -76-26 290 'T h i n  Secti on E/1-.' 
S - 7 6 - 2 6 291 

1 007 0 , 1  S-69 -03081 Rock 8/W 
1 0070 S-59 -47300 S tereo B/�' 

S -69 -47301 
s -69-4 7302 
S-69-47303 
S-69-473 1 0  
5 -69-473 1 1 
S -69-473 1 2 
S-69-47313 
S-69-4 7 3 1 4  
S -59-473 1 5  

10070 S - 6 9 -L76l E Mug S.'lo t  BiW 
1 0070 , 1 8  S -7 5 -34237 Rock Proces s i ng c 
lC070,4 , 1 7  S -7 5-34239 Ortho 

S-iS-34240 
S -75-34241 
S -75-34142 



151 

1007 0 , 4 , 1 7  5 -75-34246 Or tho 1 0072 S-6::: -47387 Stereo 6 /"n' 
1 0070 , 2  5 -7 6 -20324 Rock 5-69-47388 

5 -76-20329 1 00 7 2  S-65-47494 ?est S p l i t  S/W 
1 0070 , 1 8  5 -76-34237 Rock 5-69-47495 

5-69-47496 
1 00/C , 4 ,  1 7  5 -76-34239 Ortho 5-69-47497 

5 -76-34240 5-69-47498 
s -76-34241 5 -69-47499 
5 -7 6 -34242 5-69-47500 

1 :·J70 ,22 S -76-26308 Thin Secti on B/W S-69-47501 
S -69-47502 5-76-26309 
5-69-47503 

1CJ71 , 7 3  5-69-47288 S tereo 8/W 
1 0072 5-69-47610 r�ug Shot S/W 5-69-47289 

5-69-47190 5-"'-4761 1 
S -65-47612 S-69-47291 
5-69-4761 3 5-69-47292 
5-69-4931 1 5-69 -47293 
5-69-493 1 2  5-69-47294 
5-69-49313 5-69-47295 
5-69-49314 5-69-47296 
5-69-4931 5 5-69-47197 
5-69-49316 5-69-47298 
5-69-493 1 7  5-69-47299 
5-69-49318 

1 00 7 1  5-69-47304 Stereo B/W 5-69-49319 
5-69-47305 5-69-49320 
5-69-47306 S-69-49321 
5-69-47307 5-69-49322 

10071  5-69-47309 �1ug Shot B/\� 5-69-49323 
5-69-49324 

1007 1 5-69-47353 Stereo 8/W 5-69-49325 
5-69-47354 

1 0072 5-69-54007 T h i n  Section s;w 5-69-47355 
5-69-47356 s -69 -54008 

5-69-47357 1 00 7 2 , 40 5-69-54013 Thi n Section 3/W 
S-69-47358 

1 00 7 2 , 46 5-69-47359 5-69-54020 Thi n Section s;w 

5-69-47360 1 00 7 2  5-69-54075 T h i n  Section S/W 
5-69-47361 S-69-54076 

10071 5-59-47614 Mug S -'10 t  3/W 1 00 7 1 ,42 5-69-57121 Th i n  Section 6/'� 
1 0071 5-69-54025 Thi n  Sect· on B/W 5-69-57235 

5-69- 54088 I C0 7 1  5-69-59337 Th i r.  Secti e n  B/1. 
1 0071 , 2  5-69-57247 Thh Seer on 8/�i S-69-59857 

5-70-48983 
1 0071 5-59 -59374 T h i n  Sect· o n  B/W 5 - 70-48984 

5-69-59384 5-70-48985 
5-69-59392 5-70-48986 
S-70-1 7978 S -7:;-48987 
S-70-17979 S -7G-48988 
S-70-1 7980 

1 0072 , 3 3  S-70-49194 T h i n  Section B/1<. S - 7 0 - 1 7981 
s -70-1 7982 S-70-4 9 1 9 5  

1 007 1 , 5  S-76-22602 Ortr.o 1 0072 , 4 9  S -70-49228 T h i n  Section 3/'n 
5 -76-22603 S-70-49229 

i C07 1 , 7  S - 76-22605 Proces s i n g  c I 0072 , 4 1  S-76-2 l l 45 Roc k Precess i n; 
S-75-21 1 46 

I COil , 5  S -76-22606 Orthc 
1 007 2 , 1 9 , 1 3 9  s -76-22595 Preces s i n g  S -76-22607 

S-76-22608 1 007 2 , 80 S-76-22596 Ortho 
S -76-22609 s -76- 22597 

1 :071 , I I  S -76-23372 Orthc S-76-22593 

S -76-23373 S -76-22599 
S-75-22600 

1 CC71 , 3 4  S -76-16311 Th i n  Sec l i on 5/W S-75-22601 
S-76-26322 

1007 2 , 1 5, 1 09 S-76-23374 Ortho 
1 D::71 , 1 3  S -76- 16082 '7"hin Sec:� on S/W 5-76-23371 

S-76- 26083 
1007 2 , 4 3  S -76-26285 7hl n Sect�on S/v; 

lCC72 s -69-031 02 Rock B/\� S - 75-26236 

l2C72 -69-47364 Stereo B/1\ 1 0073 S - 6 9 -47308 �ug Shot 8!' 
-69-4738� 

1 0073 S -69-59253 7h� n Sec-:: � on  B/W -69-47382 
-69-47383 S-69-59298 

-69-47384 S-6l-59301 

-69-47385 S-69-59358 

-69-47386 S-69-59369 
5-59-59370 



4 5 2  

l C0 7 3 , 2 7 , 2 8  - 70-48989 Tr� � r  S e c ': � o n  B/W 10082,8 S-76-25826 Th i n Section B/W 
-70-48990 S - 76-26283 
-70-48991 S-76-26234 
-70-43992 1 0085 , 7 8 , 7 5 , 76 S-70- 1 8468 Thin Section B/W -70-48993 ,77 , 7 3 , 7 1  S-70-1 8469 
-70-48994 ,66, 6 3 , 64 S-70- 1 8470 

1 007 3 , 2 5  S-70-49453 Thi n  Section B/W ' 6 3  S-70-18471 
S-70-49454 S - 7 0 - 1 8472 

1 00 7 3 , 2 C  S-70-49477 Thi n S e c t i o n  B/W 
S-70-18473 
S-70- 1 8474 

S-70-49478 S-70-18475 
S-70-49479 S-70-18476 S -70-4948::1 S - 7 0 - 1 8477 

lDC7 3 , 29 S-70-49485 T1 i n  S e c t i o n  B/:.1 S - 7 0 - 1 8478 
S-70-49486 S-70-1 8479 
S-70-49487 S-70-18480 

lJJ73 , : 2 , 53 S-76-22590 ?races s i ng 
S-70-1 8481 
S-70-18482 

1 00 7 3 ,  � S-76-22591 Ortho S-70-1 8483 
S-76-22592 S-70- 1 8484 

1 0073 ' 17 S-76-25831 T 'l i n  Section s;;..' S-70-18485 

s -76-26294 
S-70-1 8486 

1 0074 S-69-47372 Stereo 8/W 
1 0085 , 9 9 , 9 7 , 9 6  S-70- 1 9 5 1 5  Thi n Section B/W 

, 9 5 , 9 3 , 9 1  S-70- 1 95 1 6  
S-69-47373 S-70-1 9 5 1 7  
S-69-47374 S-70-1 951 8 
S-69-47375 

S-70-1 951 9 
S-69-47376 S-70-1 9520 
S-69-47377 S-70-19521 
S-69-47378 

s -70-1 9522 
S-69-47379 S-70-1 9523 
S-69-47380 

S-70-19524 
10074 , 7  S-70-53757 -:--n � n  Section B/W S-70-1 9525 

1 0074 , 5  S-70-53768 Thi n  Section B/w 1 3085 ,726,737 S-76-16881 Rock Photo 

10074 , 7  S-70-53769 T h i n  Sec t i on B/W 
, 7 2 7 , 733 S-76-26882 
' 7 2 5  S-76-26883 

1 00 7 4 , 6  S-70-53773 T h � n  Section 6/W ' 7 3 0 ,  724 S-76-16884 

1007 4 , 5  S-70-53772 Th i r. Section B/W 
'745 S-76-26885 
, 746 S-76-26886 

1 0074 , 1  S-76-20391 Ortho c '743 S-76-16887 
S-76-20392 , 739 S-76-16888 
S-76-20393 , 7 3 1 , 736 S-76-26889 
S-76-20394 ,735 S-76-26890 
S-76-20395 ,734 S-76-26891 
S-76-20396 ,728 S-76-26892 

1 007-C . 7 S-76-263 1 7  Thin Section BN ,729 S-76-26893 
,741 S-76-16894 

S-76-263 1 8  ,742 S-76-16895 
1CC75 S-69-47352 Stereo B/W ,737 S-76-16896 

S-69-47353 '744 S-76-26897 
S-69-47355 ,713 S-7 6-26898 
S-69-47356 ' 7 2 2  S-76-26899 
S-69-47367 '760 S-76-26857 
S-69-47368 , 761 S-76-16856 
S-69-47369 '759 S-76-26855 
S-69-47370 ,757 S-76-16854 
S-69-47371 ' 753 S-76-16853 

10075 S-69-47609 Hug Shot 8/W , 7 5 5  S-76-26852 
' 756 s -76-16851 

1 0 0 7 5 , 3  S-76-20467 Ortho c '754 S-76-25850 
S-76-203 1 7  , 753 S-76- 16848 
S-76-2031 8  ' 753 S-7 6-26849 
S-76-203 1 9  

1009 1 , 26 S-76-25548 Rock S-76-20320 
S-76-20321 S-76-25552 

1007 5 , 1 4  S-76-26279 T.'l i n  Secti on 8/l..J 1 00 9 2 , 8  S-76-25871 Ortho 

S-76-16280 S-76-25872 
S-76-25873 

1 0082 S-69-57952 T'li r. Sectior: B/W S-7 6-25874 

10082 ' 1 S-76-20460 Ortho S-76-25875 

S-76-20461 S-76-25876 

S-76-20461 1 0093 , 0  S-76-25989 Ortho 
S-76-20463 S-76-25990 
S-76-20464 S-76-25991 
S-76-20465 S - 76-25992 
s . 7t:: . " ' ': G S - 76-25995 

S-76-25996 



10093 ,0 

1 0094,0 

1 0094 , 0  

S-76-25997 
S-76-2 5998 

S-76- 5993 
S-76- 599< 
s- 76- 5988 
S-76- 5999 

S-76- 6000 
S-76- 6001 
S-76- 6002 

4 5 3  

Or tf.v 

?h :Jtoni crograpn 
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