
CATALOG OF 
APOLLO 15 ROCKS 

Part 3. 15475-15698 

Curatorial Branch Publication 72 
JSC 20787 
October 1985 

N/\5/\ 
National Aeronautics and 
Space Admrnistratron 

· .. . 

GRAHAM RYDER 
(Lunar and Planetary Institute; 

Northrop Services, Inc.) 

Lyndon B. Johnson Space Center 
Houston. Texas 



CATALOG OF 
APOLLO 15 ROCKS 

Part 3. 15475--15698 

GRAHAM RYDER 
(Lunar and Planetary Institute; 

Northrop Services, Inc.) 

October 1 9 8 5  

i 



CONTENTS : 

PART 1 .  

PART 2 .  

PART 3 .  

CATALOG OF APOLLO 15 ROCKS 

Introduction , miss ion overview ,  sampl ing 
sites , and inventory of 
samples . 

15015  - 1 5 2 9 9  

1 5 3 0 6  - 1 5 4 6 8  

1 5 4 7 5  - 1 5 6 9 8  

References 

i i  



15475 

1547 5  PORPHYRITIC SU:BOPHITIC QUARTZ -NORMATIVE ST . 4 4 0 6 . 8  g 
MARE BASALT 

INTRODUCTION : 15475  is a coarse-grained pigeonite-porphyritic 
mare basalt (Fig . 1 )  with a radiate to subophitic groundmass . It 
is an average- composition member of the quartz-normative mare 
basalt suite . It is l ight brown with green to brown prismatic 
pyroxene phenocrysts , white to translucent plagioclase laths and 
plates , and conspicuous small vugs . It is tough , blocky with 
subangular corners , and has zap pits on some surfaces . 

15475  was collected about 2 8  m south-southeast of  the rim crest 
of Dune Crater , a few centimeters from rocks 1 5 4 7 6  and 154 9 5 . 
The immediate surface had a moderate cover of fragments . 15475  
was dust-covered but not filleted or buried . Its orientation was 
documented . 
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15475 

Fig. lb 

Fig. lc 

Figure 1.  a )  Macroscopic view of  original pieces of 1 5 47 5 , 
fitted together . S-71-4 7 9 3 5  

b )  Piece , 1 , showing vuggy character . S -7 1-47 0 2 1  
c )  Main saw pieces , prior to spl itting the slab . 

S-7 2 - 3 3 0 2 4  
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15475 

Fig. 2a 

c 

Fig. 2b 
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15475 

Fig. 2c 

Figure 2 .  Photomicrographs of  15475 . a , b ,  widths about 6 mm . 

c ,  width about 3 mm . a , c  transmitted l ight . b ,  
crossed polarizer . a , b ,  pigeonite phenocrysts , 
showing twinning , zoning , and inclusionrich rims ; and 
groundmass , with plagioclase l aths , opaque phases , and 
tridymite ( T ) . c )  groundmass , showing radiate 
clusters and subophitic areas . Laths at bottom ( T )  
are tridymit e .  

PETROLOGY : 1 5 4 7 5  is a coarse-grained porphyritic basalt ( F igs . 
1 ,  2 ) . Pigeonite phenocrysts are twinned and zoned to augite ; 
plagioclase is the second most conspicuous mineral . A sequence 
of oxides from chromite to ulvospinel to i lmenite i s  present , and 
the groundmass contains tridymite ,  cristobalite , pyroxferroite , 
and minor brown res idual glass . Fe-metal and troil ite are 
sparse . The p igeonites are as much as 1 . 5  em l ong ; most are 
about 5 mm . They are not evenly distributed , some thin sections 
containing perhaps 75% pyroxene , others as l ittl e  as 55% . Modes 
are l isted in Table 1 and show some variations . The groundmass 
texture is radiate but transitional to subophitic,  according to 
Lofgren et al . ( 19 7 5 ) . 
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TABLE 1 5 4 7 5-1 . Publ i shed mode s 

Cpx 
Plag 
Ilm 
Ulvo 
Trid 
Cri st 
Glass 
Fe-Ni 
Trail 
Vugs 
Chromite 
Olivine 

( 1 )  
7 5  
20 

4 
<1 

0 . 5  
tr. 
tr . 

<0 . 1  
<0 . 1  

( 2) 
6 4  
24 

1 . 2  
1 . 2  
0 . 6  

1 . 7  
tr. 
tr.  
6 . 4  
0 . 5  

0 

( 3 )  

0 . 5  

( 1 )  

( 2) 
( 3 )  

Lunar sample Information 
Catalog Apollo 1 5  ( 19 7 1 )  
Rhode s and Hubbard ( 19 7 3 ) 
Mason ( 19 7 2) 

15475 

Brown et al . ( 19 7 2, 1 9 73 ) tabulated the compositions o f  two 
evolved pyroxenes. They found pyroxene composition s to be 
similar to those in 1 5 0 7 6  except for a greater volume of 
pigeonite cores. They noted the pre sence of whitlockite and 
tranquillityite , with analyse s; the whitlockite ha s high sro 
( 1 . 0 1%) but Eu is below detection . They reported a 
titanochromite analysis, and noted the absence of olivine . 
Takeda et al . ( 19 7 5 )  reported on a study of pyroxenes u sing 
optical and x-ray diffraction (single crystal )  techniques. They 
tabulate� three pyrc,>xene

. 
analyse s  (�n6uWo �.s to �n81.2Wo28.5) , 

and prov�ded cell d�mens�ons, relat�ve or�entat�ons, and space 
group data . No exsolution wa s vi sible optically , but an augite 
grain had ex solved about 4 0 %  pigeonite (6�= 2 . 87 °) . 

Weeks ( 19 7 2) produced electron magnetic re sponse spectra for two 
pyroxene and a 11plag + pyroxene11 separate s. Neither FeS+ nor 
TiS+ wa s found in the pyroxene s but FeS+ wa s observed in the 
plagiocla ses. Plagioclase s  1 em from the top o f  the rock and 8 
em from the top had the same Fe8 + concentration , hence Fe8+ i s  
not a result o f  radiation damage . Bell and Mao ( 19 7 2, 1 97 3 ) al so 
found evidence for Fes+ in plagiocla se and reported total iron 
oxide ( a s  FeO) o f  0 . 66 % ,  with no systematic zoning . They 
sugge sted that the Fe8+ wa s an alteration product . 
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15475 

E l  Gore sy et al . ( 19 7 6 )  reported on spinel textures and 
chemi stry , without tabulating or diagramming specific data . 
154 7 5  contains corroded and rounded chromite core s to 
Cr-ulvo spinel ( a s  do other coarse ba salts) , indicating 
consider able reaction . The zoning trend s (their "third" trend) 
from low FeO/ ( FeO + MgO) core s ( 0 . 8 0 to 0 . 8 5 )  to more iron-rich 
rims, with sl ightly increasing Ti/ (Ti + Cr + Al ) and a decrea se 
in v, i s  indicative of crystallization from a liquid with 
continuously increasing FeO . Roedder and Weiblen ( 19 7 2 )  
tabul ated analy se s o f  high-Si02 melt inclusions ( interstitial , in 
p l agiocl ase, and in ilmenite) ,  with compositions ranging from 
7 2 . 8  to 7 6 . 8 %  S iO and 6 . 3 to 7 . 8 %  K20 .  The pigeonite core s are 
inclusion-free, their mantle s  are inclusion-rich . Engelhardt 
( 1 97 9) not ed that ilmenite started crystallizing after 

p l agiocl ase st art ed ,  and ended cryst allizing before pyroxene 
end ed . Ma son ( 1 97 2 )  r eported that the refractive indice s for 
tridymite and cri stobalite in 15475 were identical with the 
corresponding phases in 1508 5 .  Ma son et al . ( 19 7 2 ) found 0 . 5% 
tridymite in the mode . 

Coo li ng  Rates: L .  Taylor and co-workers ( L .  Taylor and 
McCall i ster l972a , b ;  L .  Taylor et al . ,  197 3 )  used the 
partitioning o f  Z r  between ilmenite and ulvo spinel to e stimate 
cool ing rates, ba sed on experimental determination of variation 
of the coefficient with temperature . The low ratio ( Z r  in 
ilmenite/Zr in ulvo spinel )  of 1 . 5  to 2 ( Fig . 3 )  sugge st s  
subso lidus re-equilibration to about 8 5 0 °C ,  l ike some other 
slowly-cooled basalts. Such slow cool ing i s  correlated wit h a 
greater amount of reduction of ulvospinel , which i s  hence 
cool ing-rate dependent rather than oxidation- state dependent . 

Figur L}. zr partitioning between ilmenite and ulvospinel ( L .  
Taylor and McCallister , l97 2 a ) . 
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Lofgren et al. ( 19 75 ) , in a c ompari s on of the t exture of 15475 
with the products of dynamic experimental products ( kn own , 
l inear c ooling rates) inferred a crystall izat i on rate of less 
than l°C/hr f or b oth the phenocrysts and the groundmass , but a 
little f aster than 15058, 15075, 15076 , etc . Grove and Walker 
( 19 7 7 ) , in a s imilar b ut more qu antit ative st udy, inferr ed an 
early c ooling rate of 0 . 05°C/hr from the pyroxene nucleati on 
density ( 0 . 3jmm2) ,  and a late stage c ooling rate of O. l°C/hr froa 
plagioclase sizes . The integrated rate from pyroxene phenocrys t 
size is less than 0 . 5°C/hr. The final p osit i on of 154 7 5  from a 
c onductive b oundary is estimated t o  be 2 6 3  em . The sample 
appears to have undergone a s l ow ,  near-l inear c ooling rate 
throughout its crystallization .  

On the basis of the augite exs olution ,  Takeda et al . ( 19 7 5 )  
inferred that 15475 was the s l owest-cooled quartz -n ormative mare 
basalt of those they s t.udied ,  because the A{3 of 2 .  8 7° was the 
largest . They inferred a faster c ool ing rate early in 
crystallizati on than later. Brett (1975) , on the basis of 
limited data , inferred that 15475 c ooled within a 2 m thick fl ow .  

EXPERIMENTAL PETROLOGY : Muan e t  al . ( 19 7 4 )  ment i oned 
equilibrium, l iquid-s ol id phase equilibria on a representative 
sample ( data pack informati on) of 1547 5 ,  using Fa-equilibria . 
Olivine or spinel is the liquidus phase ,  but no specific data was 
presented . 

C HEMISTRY : Bulk r ock chemical analyses are listed in Table 2 ,  
and the rare-earths are pl otted in Figure 4 .  The analyses are 
quite c onsistent c onsidering the grain-size of the rock and 
demonstrate that 15475 is a rather average-c ompositi on Apol l o  15 
quartz-normative mare basalt . The largest variati on is in Ti02 
c ontent . C ompston et al . ( 19 7 2 )  n oted that their x-ray 
fluorescence Rb data are c onsistently l ower and n ot as reliable 
as their is ot ope dilut i on Rb data . Drozd et al . ( 1974 ) reported 
a t otal Kr abundance of 4 3 . 9  x 10 -11 gjcms . 

Gros et al . (1976) and Hertogen et al . ( 19 7 7 )  erroneously refer 
to 1 5 4 7 5  as a non-mare basalt in their discuss i ons and 
tabulat i ons . In fact , all their elements have abundances quite 
typ ical of mare basalts . 

RADIOGENIC ISOTOPES : No age of crystallizat i on has been 
determined f or 154 7 5 ,  but C ompston et al . ( 19 7 2 ) , and Nyquist et 
al . ( 19 7 2 , 197 3 )  and Wiesmann and Hubbard ( 19 7 5 )  reported 
whole-rock Rb-Sr i s ot opic data ( Table 3 ) . They are c onsistent 
( adj usting f or interlab oratory bias) with dispersi on a l ong a 3 . 3  

b .  y .  isochron . Calculated initial 87Srj 86Sr f or ages of about 
3 . 3  t o  3 . 4  are within the range of other Apol l o  15 mare basalts . 
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TABLE 15475-2. Bulk rock chemical analyses 

,33 ,35 • 35 ,35 ,35 .o ,34 • 34 ,152 ,4 ? 
Wt % 5102 48.32 47.82 48.32 49.0 

Ti02 1. 57 1.96 1. 90 1.66 1. 77 1. 75 
A1203 9.23 9.52 9.59 9.77 
FeO 20.17 19.95 19.83 19.9 
Mgo 9.54 8.28 8.31 8.72 8.42 
cao 10.33 10.65 10.71 10.77 
Na20 0.27 0.24 0.33 0.31 0.305 
K20 o.os 0.04 0.0498 0.0416 0.0425 o.os 0.048 
P205 0.05 0.07 0.06 0.052 

ppm Sc 4 .7 
v 130 
Cr 4520 3092 4180 3630 
Mn 2400 2250 2325 1900 
Co 56 44.6 
Ni 50 9 35 
Rb <5 1.2 0.514 0.696 0.688 0.58 0.73 0.89 
Sr 96 117 111 110.7 106.8 105.0 
y 37 29 22 
Zr 65 89 107 84 75 
Nb 5.9 6 
Hf 2.37 
Ba 
Th 0.40 
u 0.153 0.108 0.12 0.135 0.19 
Pb <2 
La 5.76 4.01 5.47 
Ce 15.5 13.1 15.0 
Pr 
Nd ll.5 8.87 11 
Sm 3.66 2. 3 3.45 
Eu 0.961 0.481 0.92 
Gd 
Tb 0.79 
Dy .45 4.59 .72 
Ho 

Er 3.2 2.70 
Tm Yb 2.6 . 3 2.45 
Lu 0.35 0.38 
Li 8 6.3 15.3 7.0 
Be 
B 4000 
c 
N 
s 700 400 590 
F 43 
C1 5.9 
Br 0.034 0.008 
Cu 6 
Zn 1.1 

ppb I 
At 
Ga 3000 2900 
Ge 5.2 
As 
Se 9.2 
Mo 
Tc 
Ru 
Rh 
Pd <0.4 
A o. 72 
Cd 2. 
In 0.46 
Sn 
Sb o. 34 
Te 2.5 
Cs 37.5 
Ta 340 
w 

Re 0.0026 
Os 0.010 
Ir 0.0146 
Pt 
Au 
Hg 
T1 0.38 
Bi 0.08 

( 1) ( 2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 
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References and Methods: Table 1 54 7 5·2 .  

15475 

(1) Mason et al. (1972); general silicate, gravimetric, flame photometry, colorimetry, emission spec. (2) Rhodes-ana-Hubbard (1973); XRF. 

(3) Rhodes and Hubbard (1973); Wiesmann and Hubbard (1975)r 10/MS. 
(4)  Hubbard et al. (1973); Church et al. (1972); Wiesmann and Hubbard (1975); ID/MS, colorimetry, AA. 
(5) Nyquist et al. (1972, 1973); IDTM� (6) O'Kelley--e�al. (1972a, b) 
( 7 )  Chappell and Green (1973); Compston et al. (1972); XRF. (8) Compston et al. (1972); ID/MS. 

----

(9) Wanke et al.-rl975); XRF, lNAA, RNAA. 
(10) Gros e�a� (1976); RNAA. 
(11) Drozd et al. (1974); ? 
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Figure 4 .  

Rare Earth Element 

�.152 H-$ ,35(A] Hrfi ,35(8) 

Rare earths in 154 7 5 . 
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TABLE 15475-3. Rb-Sr isotopic data for whole-rock samples (as reported) 

Reference Split Rb ppm Sr ppm 87Rbj86sr 87sr;86
sr TBABI 

Compston et al., ,34 (ID) 0.73 105.0 0.0201 0.70039+10 4.54 
(1972)

--

Compston et al., ,34 (XRF) 0.58 106.8 -- 0. 70029:!:10(a) --

(1972)--
Nyquist et al., ,35 chip 0.688 110.7 0.0180 0.70037+6 4.90 

(1972-;-1973) 
Wiesmann & Hubbard ,35 pwdr 0.514 110 -- 0.70041+5 

(1975) -
--

(a) unspiked 

RARE GAS AND EXPOSURE : Drozd et al . ( 19 7 4 )  reported Kr isot opic 
data , and calculated spallat i on ages of : BlKr-Kr , 4 7 3 ± 9 m . y . ; 
2 1Ne , 3 3 6  ± 79 m . y . :  ssAr , 5 4 3  ± 183  m . y . , without specific 
discus s i on .  Pepin et a l. ( 19 7 4 )  used this data t o  calculate 
exposure ages from an effective producti on rate and s ome depth 
expressi ons ( see their text ) : T2 1 ( d )  of 5 2 9  ± 8 8  m . y .  and 
T38(d)  of 5 2 9  ± 7 2  m . y .  They c oncluded that 15475 appeared t o  
have resided at an effective depth of about 100gjcm2 for more 
than 5 0 0  m . y .  

Eldridge et al . ( 19 7 2 ) and O ' Kelley et al . ( 19 7 2 )  reported 
disintegrati on c ount data f or 22Na , 26Al , 46Sc ,  54Mn , and 56Co. 
26Al i s  bel ow saturati on ,  and indicates an exposure age of 0 . 7  t o  
1 . 1  m . y .  The unsaturati on was c onfirmed by Y okoyama et al . 
( 19 74 ) . 

PROCESSING AND SUBDI VIS IONS : Two large pieces had broken from 
the main mass ( , 1  and , 2 ;  Fig . 1 )  and were originally numbered 
15477 and 15478 respectively . Chipping of , 2  produced daughte rs 
, 3  t o  ,9 f or early all ocati ons , including p otted butt , 3  which 
was used t o  produce thin sections , 11 and , 13 t o  , 19 .  Other 
small chips were removed from ,o f or further all ocati ons ( , 2 0 t o  
, 3 0 ) . , 2 0  was made into a p otted butt and produced t hin sections 
, 12 7  and , 14 7  t o  , 15 0 .  A small chip from , 1  was als o  made int o a 
p otted butt ( , 3 6 )  and produced thin sect i ons , 12 5  and , 12 6 .  ,o 
was sawn t o  produce two end pieces (N , 1 3 4  and s ,1 3 2 )  and a t hin 
slab ( , 1 3 3  and , 13 5 )  ( Fig . lc ) .  , 1 3 3  was spl it t o  produce 
several daughters . End piece , 13 2  ( 1 06 . 6  g) is in remote storage 
at Brooks . , 13 4  is 117 . 8  g ,  and , 1  is 7 5 . 0 0  g .  Al l other p ieces 
are smaller than 6 g .  
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15476 

15476 PORPHYRITIC RADIATE QUARTZ-NORMATI VE ST . 4 2 6 6 . 3  g 
MARE BASALT 

INTRODUCTION : 15476 is a pigeonite-porphyritic mare basalt with 
large phenocrysts , a radiate , finer-grained groundmass , and a 
distinct foliati on or lineation ( Fig . 1 ) . It is an average
c omp osition member of the quartz-normative mare basalt suite . It 
is light brown with green t o  brown z oned prismatic pyroxene 
phenocrysts and a few per cent vugs . It is coherent , slabby or 
tabular, and has a few zap pits on all faces . 

15476 was c ollected about 2 8  m s outh-s outheast of the rim crest 
of Dune Crater , a few centimeters from r ocks 15475 and 15495 . 
The immediate surface had a moderate c over of fragments . 15476 
was dust-c overed but not filleted or buried . Its orientati on was 
documented . 

Figure 1 .  Pre-split view of 154 7 6 ,  showing foliati on and small 
vugs . S-71-46905 
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Fig. 2 a  

Fig. 2 b  

Figure 2 .  Photomicro graphs of 15476 , 3 2 .  Widths about 3 mm . 
a) d) t ransmitted l i ght ; b )c )  c rossed pola rizers .  a )  
Radiate o r  variolitic portions o f  groundmass ; b )  
i rre gularly- grown p i geonite phenocrysts ,  with hollows 
filled with c rystall i zed groundmas s i  c )d )  common 
phenocryst , with f illed hollow core and sharply 
bounded au gite rim ;  groundmass is coarser than 
va riolitic portion shown in a ). 
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Fig. 2d 
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PETROLOGY : 1 5 4 7 6  is a p orphyritic basalt in which l ong (up t o  3 
x 1 5  mm) pigeonite crystals lie in a much finer-grained , radiate 
groundmass ( Fig . 2 ) . Although the pyroxenes are as big as in 
s ome other c oarse-grained rocks , they are not s o  abundant , only 
2 0  t o  3 0 % .  The groundmass c onsists of a frequently radiate mass 
of plagi oclase (An93 to An87; Kushiro, 1972 , 197 3 ) , augite , 
cristobal ite , opaque phases , and a sparse mes ostasis . The 
texture is not the same everywhere , varying from radiate masses 
( Fig . 2a) to m ore subophitic patches . The plagi oclases are 
lathy , rarely up to 4 mm l ong , and b oth they and the pige onite 
phenocrysts are very r oughly f ol iated . Opaque phases range from 
euhedral chromite in pige onite c ores , through ulvospinel , t o  
ilmenite . Fe-metal and troil ite are als o  present . Tridymite 
appears t o  be absent . Mas on et al . ( 19 7 2 )  reported 0 . 7 0 %  
cristobal ite . The sample has a density of 2 . 8 gjcm3 ( O ' Kelley et 
al . ,  197 2 ) . 

The p ige onite phenocrysts , although large , are different from 
those in other c oarse-grained quartz-normative basalts in that , 
although s ome have h omogeneous c ores , several are irregular and 
appear t o  have grown as hol l ow crystals in which groundmass later 
crystal lized ( Figs . 2b-d) . The p igeonite phenocrysts als o  lack 
the twinning c ommon in basalts with a c oarser groundmass . They 
have sharply-banded rims of augitic pyroxene . Kushiro ( 1972 , 
197 3 )  rep orted pyroxene c omposit i ons ( Figs . 3 ,  4 ) . Brunfelt et 
al . ( 19 7 3 )  als o reported a few pyroxene analyses . The variati on 
observed is similar t o  that in other Apol l o  15 mare basalts . 
Kushir o  ( 1972 , 197 3 )  n oted that the pige onite c ores are overgrown 
discontinuously with subcalcic augite ; ferroaugite and subcalcic 
ferroaugite are intergrown with anhedral plagioclase crystal s ,  
with which they must have crystallized rapidly . The sharp break 
at the rim, corresponding als o  with the sharp change in Ti/Al 
rati os ,  he bel ieves t o  result from plagi oclase crystallizati on ,  
and the Ti/Al rat i os less than half t o  reflect Ti3 + and very 
reducing c ondit i ons . Kushiro ( 19 7 2 a , b ) interprets the textures 
and mineral chemistry as resulting from the subsurface crystal
l ization of pige onite and then extrusi on and rapid crystal-
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Figure 3 .  

F igure 4 .  
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Compositions of pyroxenes in 154 7 6  ( open circles ) and 
two other Apollo 1 5  mare basalts . Solid l ines show 
continuous , dashed l ines show discontinuous , zoning in 
a s ingle crystal (Kushiro , 197 3 ) . 
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Ti-Al varia tions in pyroxenes in 1 5 4 7 6  ( open circles) 
and two other Apollo 15 mare basalts ( Kushiro , 197 3 ) . 
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l ization of the remaining l iquid . Virgo ( 19 7 2 , 19 7 3 )  studied the 
separated phenocryst fragments (En65 5W o6 5 average) with x-ray 
diffracti on and M ossbauer technique s. ·x-ray diffraction single 
crystal preces s i on p ictures had n o  visible exs olved augite sp ots 
al ong the expected planes after 9 0  hours exposure . The Mossbauer 
studies showed n o  evidence f or Fe3 + ;  site occupancies for Fe 2+ -Mg 
and calculated distribut i on c oefficients were tabulated . The K 
values ( 0 . 08 )  show the Fe2 + and Mg t o  be s omewhat ordered , 
indicating equilibration temperatures ( 5 2 0°C) s ignificantly less 
than the critical temperature for ordering ( 6 00°-8 l0°C) and 
suggests s l ow c ooling over the range T critical - T anneal ing , 
i . e . , about 60 0 t o  4 8 0°C . Hence Virgo ( 19 7 2 ) suggested that 
crystallization was characterized by an initially fast growth of 
pigeonite crystal s ,  then at l ower temperatures a rapid and 
heterogeneous crystallizat i on of rims and groundmass . The lack 
of augite exs olut i on indicates rapid c ool ing in the 1200°C t o  
9 5 0°C range . I n  the 1 0 0 0°C t o  950°C range , p igeonite undergoes a 
transiti on from C2/c t o  P2 1/c space group ; the x-ray diffract i on 
reflect i ons indicate small P2 1/c d omains . The d omain size,  
absence of unmixing , and the l ow temperature Fe-Mg ordering 
appear t o  be incompatible with a single c ool ing cycle ,  and 
suggest a p ost-crystallization heating event , such as from 
superimposed lava fl ows . 

L ofgren et al . ( 19 75 ) , in a c omparison of natural textures with 
those produced in dynamic crystall izat i on experiments ,  inferred a 
c ool ing rate of less than 1°C/hr (but near 1°C t o  2 -5°C/hr l imit) 
f or the phenocrysts , and 1 to 5°C/hr f or the radiate groundmass . 

CHEMISTRY : Bulk r ock analyses are listed in Table 1 and the rare 
earths are shown in Figure 5 .  The analyses are generally fairly 
c onsistent and demonstrate that 1547 6  is a rather average
c ompos it i on Ap ol l o  15 quartz-normative basalt . The Rb analysis 
of 6 . 0  ppm of Brunfelt et al . ( 19 7 2 )  is very high and apparently 
in error ;  their cao is als o  higher than n ormally f ound f or Ap ol l o  
15 quartz-normative basalts . 

RADIOGENIC ISOTOPES : Tatsumot o  et al . ( 19 7 2 )  reported U ,  Th-Pb 
i s ot opic data f or a whole-rock sample . 1 5 4 7 6  l ies on a 3 . 5  t o  
4 . 65 b . y .  discordia l ine with samples from Elbow Crater but has a 
distinctly higher 207pbj206 pb rat i o. R osholt ( 197 4 )  c ompared the 
expected Th28 2/Th280 rat i o  with the measured rati o, discussing 
p ossible and probably reas ons why the expected/measured ( =1 . 1 3 )  
i s  high , l ike other Apol l o  1 5  mare basalts . 

EXPOSURE .  TRACKS . (AND RARE GAS ): Eldrige et al . ( 1972 ) reported 
disintegrati on c ount data .for 22Na , 26Al , 46Sc ,  5 4Mn , and 56Co. 
The 26Al is unsaturated {c onfirmed by Y okoyama et al . ,  197 4 ) , and 
indicates a surface residence age of 0 . 8  t o  1 . 5  m . y .  
Bhattacharya et al . ( 19 7 5 )  briefly rep orted track data , with a 
density in the general range of 6 t o  2 0  x 1 0 a  tracksjcm2, and an 
exposure age of 1 0  t o  3 0  m . y .  Schaeffer et al . ( 19 7 6 )  
errone ously referred t o  15476 i n  a discus s i on of argon i n  sample 
1 5 4 65 ; they never were all ocated any of 1 54 7 6 . 
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100� 
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i I 0 �� � ' " ---------10� � 
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* • 11 - Brunfelt et al- (1972>; INAA 

* Gd value calculated-

La Ce Pr Nd 

Rare Earth Element 

LEGEND: SPECIFIC � , I! 

Figure 5 .  Rare earths in 15476 . 
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1 5 476 

PROCESSING AND SUBDI VISIONS : Samples were removed from 15476  by 
chipping ( Fig. 6 ) , and most all ocati ons made by subdi vi s i ons of 
those ( exterior) chips . , 3  was made into a p otted butt and 
produced all the thin sections ( , 32 and , 3 3 t o  , 3 8 ) . ,o is n ow 
2 0 6 . 9 1 g ,  and n o  other single p iece is as l arge as 5 g except for 
the remains of , 3. 

,9 

Figure 6 .  Chipping of 1547 6 .  
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1 54 8 5  

1 5 4 8 5  VITROPHYRIC QUARTZ-NORMATIVE MARE BASALT ST . 4 104 . 9  g 

INTRODUCTION : 1 5 4 8 5  is a vitrophyric pigeonite basalt c ollected 
from the same vesicular b oulder as the similar samples 1 5 4 8 6  and 
15499 ( see Fig . 15499-1)  on the s outh rim of Dune Crater . It is 
one of the most rapidly c ooled of the quartz-normative basalts . 

15485 is a vesicular basalt with a p orphyritic , diktytaxitic 
texture ( Figs . 1 ,  2 ) . It is medium-gray , angular , and t ough . 
One surface ( lab oratory N) is fresh where i t  was broken from the 
boulder . There are a few zap pits on B .  A greenish yel l ow 
p owdery material seeped in a l ong a fracture , similar t o  that 
which is more abundant on 154 8 6 . 

PETROLOGY: 15485 c ontains abundant e l ongated pyroxene pheno
crysts ( Figs . 1 t o  3 )  up t o  1 em l ong in a fine-grained , dark
col ored matrix . The pyroxenes are yel l ow-gray . A general 
descripti on of thin section , 3  was given in the Apol l o  15 Lunar 
Sample Informati on Cata l og ( 1972 ) , with a mode of 6 4 %  skeletal 
clinopyroxene phenocrysts , 3 3 % groundmass of plumose intergrowths 
of pyroxene and plagioclase laths , and 0 . 1% each of ilmenite , 
Fe-metal , cr-spinel , ulvospinel , and troil ite . Brown et al . 
( 19 7 2 )  rep orted 5 3 %  phenocrysts in a glassy groundmas s ,  which is 
a greater abundance of phenocrysts than slower-c ooled quartz
normative basalts . The phenocrysts are 1-6 mm prisms , originally 
with hol l ow cores , z oned from Mg-pigeonite c ores , t o  sharp 
discontinuties against narrow augite mantles . Al /Ti is greater 
in the c ores ( 7  t o  1 0 )  than in the rims ( 5  t o  7 ) . Spinels also 
show a sharp disc ontinuity from a chromite c ore ( in pyroxene) t o  
ulvospinel mantles ( in groundmass) . The groundmass c ontains 
abundant occult plagioclase . Engelhardt ( 1979 ) tabulated 
ilmenite paragenesis . 

Figure 1 .  sawn face of w end piece , 2 1 ,  showing pigeonite 
p henocrysts . 
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.� Figure 2 .  Slab subdivisi ons of 15485 . 

15485 

C ool ing hist ory : Lofgren et al . ( 19 7 5 )  in a c omparison of 
natural rocks with the products of linear c ooling rate 
experiments on a similar comp osition ( 1559 7 )  f ound 15485 t o  be 
one of t he fastest c ooled of the quartz-normative basalts , with 
phenocryst s hapes indicating 5-2 0 °C/ hr,  and the matrix > 3 0 °C/hr. 
Grove and Walker ( 19 7 7 )  made a similar but more s op histicated 
study , again on c omparison of natural rocks with the products of 
dynamic crystallization experiments . Pyroxene nucleation density 
indicated a cooling rate at nucleation of - 3 . 75 °C/hr , and 
pyroxene "size" indicated an integrated rate during pyroxene 
growth of between 3 . 7 5 °C and l0 °C/hr . T he late-stage cooling , 
from plagioclase "size"  indicated 8 5 °C t o  2 5 0 °C/ hr .  Thus two
stage c ooling is most c onsistent wit h the rock characteristics . 
Grove and Walker ( 19 7 7 )  suggested a final cool ing history 6-9 em 
from a c onductive b oundary . 

T he fracture filling is represented in thin sections , 5  and , 6 .  
It is a pale-green material , isotropic but fine-grained and not 
glassy . The particles are mainly submicroscopic ( Fig . 4 )  but 
s ome bands are made up of grains almost 10 �m across ( e . g . , Fig . 
4a)  which are rounded . Fl ow structures including current bedding 
are present , and where t he fl ow-stream was interrupted by 
cavities , the cavities tend to have accumulated c oarser grains 
and material plucked from the basalt ( Figs . 4 c ,  d) . 
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15485 

C HEMISTRY : Duncan et al . ( 19 7 6 )  presented the only chemical data 
f or 15485 (Table 1 ) , without discus s i on .  The chemistry i s  fairly 
typical of A15 quartz-normative basalts . 

· 

PROCESS ING AND SUBDI VISIONS : One sample originally ·numbered 
15487 was found t o  fit ont o  154 8 5 , and was renumbered 15485 , 1 .  
Apart from a few small chips , most subdivis i ons were made by 
sawing a slab from the sample ( Fig. 2 ) . The only remaining 
pieces larger than 3 g are the end pieces , 9  ( 2 8 . 1  g) in remote 
storage , and , 2 1 ( 57 . 1  g) . Thin sections , 3  t o  , 6  were made from 
chip , 2  which came from , 1 .  One other thin section , 3 1 was made 
from part of , 2 0 .  

Figure 3 .  

Fig. 3a 

Phot omicrographs of 154 85 , 5  ( a )  transmitted l ight , 
showing skeletal pigeonite phenocrysts ,  opaque matrix , 
and vesicles ; (b)  crossed p olarizers , showing single 
skeletal pyroxene (top left to b ottom right) . 
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TABLE 1 5 4 8 5 - 1  

'1 7 
W t  % 5102 4 7.39 

Ti02 1. 7 7  
Al203 9 . 14 
FeO 19 . 82 
M sO 9.48 
CaO 10.21 
Na20 0.28 
K20 0.031 
P205 0.084 ,. 

(ppm ) Sc v 1 7 7  
Cr 4000 
Mn 2 100 
Co 42 
N i  22 
Rb < 1 .4 
Sr 104 
y 32.2 
Zr 1 1 3  
Nb 5.5 
Hf 
Ba 7 1  
Th 
u 
Pb 
La 
C e  
Pr 
Nd 
Sm 
Eu 
Gd 
Tb 
Dy 

�- Ro 
Er 
Tm 
Yb 
Lu 
Li  
Be 
B 
c 
N 
s 640 
F 
C l  
Br 
Cu 4 
Z n  <2 

(ppb) I 
At 
Ga 
Ge 
A s  
S e  
M o  
T c  
Ru 
R h  
Pd 
A 
Cd 
In 
Sn Reference and method: 
Sb 
Te (I) Duncan e t  a l .  
C s  ( 19 7 6 );--ynr-
Ta w 
Re 
Os 
Ir 
Pt 
Au 
Hg 
Tl 
Bi 

( 1 }  
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1 5485 

Figure 4 .  Phot omicrographs of p owdery fissure fill in 154 8 5 ,  
transmitted l ight , all t o  same scale ( a )  (b) ( c )  15485 , 5  
general " sedimentary" structures ;  (d)  c oarser grains 
and debris trapped behind an obstacle in 154 8 5 , 6 .  
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F i g. 4c 
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1 5486 

15486  VITROPHYRIC QUARTZ-NORMATI VE MARE BASALT ST . 4 4 6 . 8  g 

INTRODUCTION : 154 8 6  is a vitrophyric pige onite basalt c ollected 
from the same vesicular boulder as the similar samples 154 8 5  and 
15499 ( see Fig . 15499-1)  on the s outh rim of Dune crater . It is 
one of the most rapidly c ooled of the quartz-normative basalts . 

154 8 6  is a vesicular basalt with a p orphyritic , diktytaxitic 
texture . It is medium dark gray ( surface) , bl ocky and angular 
( Fig . 1 )  and t ough . One surface is fresh where it was broken 
from the b oulder : there are a few zap p its on other surfaces .  A 
l ight olive gray "coat" on the "N" side ( Fig . 1 )  is related t o  a 
fracture and is similar to the one on 154 8 5 . 

Figure L Macroscopic views of original sample , showing the 
pale-col ored c oat on "N" side . 
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PETRO LOGY : 154 8 6  contains abundant elongated pyroxene 
phenocrysts ( Fig . 2 )  which are pale-brown and up to 7 mm long . 
The groundmass is fine-grained and dark-colored . It was 
described by Albee et al . ( 19 7 2 )  as a clinopyroxene vitrophyre , 
with ( thin section , 2 0 )  5 3 %  elongated pyroxene prisms , 4 4 %  
groundmass o f  opaque devitrified glass , 3 %  globulose vugs , and 
0 . 1% each of spinel and metal . No ol ivine was identified . The 
groundmass has extremely fine-grained segregations of crystal
l ites , and is predominantly opaque , but a " fingerprint" pattern , 
consisting of alternating 1 m wide segregations of ( pyroxene) 
and ( plagioclase + opa ques ) .  2 0  m diameter microprobe analyses 
show the matrix to be homogeneous at that scal e ,  with ( normative) 
5 3 %  feldspar, 3 5 %  pyroxene , 7% silica , and 4 %  opaques . The 
pyroxenes have cores of low-ca clinopyroxene enclosed by high-Ca 
pyroxene ( compositions in Fig. 3 ) . Minor element variation is 
similar to 15499 . Spinel and Fe-metal is minor ; i lmenite and 
troil ite are "not present as phenocrysts" . The spinels ( Fig . 4 )  
are euhedral and 2 0  t o  10 0 m across , and are rimmed with Fe-rich 
ulvospinel ; the ulvospinel rims are broader on groundmass spinels 
than on those enclosed in pyroxenes . The metals are spherical 
blebs or aggregates of equidimensional blebs ; an average of 8 
analyses has 6 . 2 8 %  Ni and 1 . 42 %  Co . Engelhardt ( 19 7 9 )  tabulated 
ilmenite paragenesis . 

Figure 2 .  Photomicrograph of 15486 , 2 2 ,  transmitted l ight , 
showing prismatic pyroxene phenocrysts , opaque 
groundmass , and vesicles . 
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Figure 3 .  

Figure 4 .  

15486,20 - SINGLE PYROXENE GRAIN 

I 
I A 

� 

15486,20- PYROXENE 

'I' NoAISi206 + CoTiAI206 

/_ �� +CoCrAISi06 + CoAIAIS106 

Compositi ons of pyroxenes in 1548 6 , 2 0  (Albee et al . 
197 2 )  • 

I 

�BJ / 

15486,20- SPINELS 

// o- __ o$0 84 ---- - ��-- ----�� 

\ 

� ,, �-m.-------- - --- Fe+Mg x 100 

·, 
-----

-- ../00) lnclus•ons •n Pyro•ene ---� 

C omp ositi ons of spinels in 1548 6 , 2 0 (Albee et al . 
1972 ). 
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1 5 486 

c ooling history: Lofgren et al . ( 19 7 5 )  in a c ompa rison of 
natural r ock samples wit h t he products of l inear c ool ing rate 
experiments f ound 154 8 6  t o  be one of t he most rapidly c ooled 
quartz -n ormative basalts . From pyroxene s hapes a c ool ing rate of 
5 °C-2 0°C/ hr was deduced ; t he matrix suggests >3 0°C/ hr .  Grove and 
Walker ( 19 7 7 )  in a similar but m ore detailed study f ound a 
c ool ing rate during pyroxene nucleat i on of between 1 . 7 5°C and 
3 . 7 5 °Cj hr from t he nucleati on density . An integrated rate during 
all p henocryst crystallization of 3 . 7 5°C fhr from pyroxene " s ize"  
and a late-stage rate of 8 5°C t o  2 5 0°C/ hr from plag i oclase "size"  
were als o  estimated . They also estimated t hat t his final c ool ing 
t ook place 6-9 em from a c onductive b oundary . 

Grove and Bence ( 19 7 7 )  used t he same experiments as Grove and 
Walker ( 19 7 7 )  t o  c ompare minor element c hemical data from r ocks 
and experiments t o  establ ish c ooling rates . T he minor element 
c hemistry of c ores in 154 8 6  is cl osest t o  t hose in 150°C/ hr 
c ool ing rate experiments , suggesting rapid c ooling t hr oughout t he 
crystal l izati on ,  n ot j ust at late stage (this c onflict wit h t he 
result of Grove and Walker , 197 7 , might result from an inability 
t o  analyze actual c ores ) . T hey suggested t hat 1 5 4 8 6  was t otally 
l iquid 4 t o  6 ems from t he c ontact of t he fl ow .  

C HEMISTRY : Publ ished c hemical data are presented in Table 1 and 
Figure 5 .  Helmke et al . ( 19 7 3 ) suggested t hat t he high Sm/Eu 
( 4 . 7 ) of 15486 ( and s ome ot her samples) makes it different from 
ot her quartz-normative basalts ( e . g . , 15597 , 15604 , SmjEu 3 . 7 )  
because a difference in t his rat i o  cannot result from pyroxene 
accumulat i on .  

EXPOSURE : Eldridge et al . ( 19 7 2 )  provided c osmogenic 
radi onuclide data , and stated t hat t he sample was apparently 
s hielded . Equilibrium values of 22Na and 26Al s how t hat exposure 
was t oo l ong to determine by the 22Naj 26Al method i . e .  , m ore t han 
2 m . y .  

PROCESSING AND SUBDI VISIONS : Only a few c hips have been 
separated from t he sample . ,o is 3 4 . 7  g ,  and , 2 3 is 1 . 78 g ,  and 
n o  other pieces larger t han 1 gram exist . T hin sections , 2 0 t o  
, 2 2 were made from c hip , 9 .  

807 
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TABLE 15486-1 

,lOA ,!0 ,0 
Wt % 5102 48.25 

T102 !.81 
Al203 !0.00 
FeO 19.85 
MgO 8.80 
CaO !0.25 
Na20 0 . 3 7  
KZO 0 . 08 0 . 061 
P205 o. 13 

(ppm) Sc 54 44 . 2  
v 
Cr 3400 
Mn 2250 
Co !00 47 
N1 62 
Rb 1 . 3  
Sr 135 
y 3 6  
Z r  127 
Nb 10 
Hf 3.0 
Ba 
Th 0.64 
u 0.15 Ph 
La 7 . 09 
Ce 18 Pr 
Nd 1 . 4a 
Sm 4.57 
Eu 0 . 977 Gd 5 . 5  
Tb 0.92 
DY 5.96 
He 1 . 2  
Br 3.0  Tm Yb 4.4 2.79 
Lu 0.44 
L1 8 . 8  
Be <I 
B 
c 
N 
s 
F 
Cl 
Br 
Cu 10 
Zn 

(ppb) I 
At 
Ga 7800 
Ge s 
Se 
Mo 
Tc 
Ru 
Rh Pd 
Cd 
In 
Sn 
Sb 
Te 
Cs 
Ta w 
Re Os Ir 
Pt 
Au 
Hg 
Tl 
81 

(I) (2) (3) 
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F igure 5. 
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References for Table 15486·1 

Rt�ferences and met bod a: 

(1) Cuttitta et al. (1973); XRF, OES 
(2) Helmke etar:-(1973); INAA, RNAA 
(:l) O'Xelley et al. (1972); Gamma 

ray spectroscopy 

(a) evident typographical error; 
probably should be 14.0 

La Ce Pr Nd 

Rare Earth Element 

LEGEND: SPECIFJC �.10 

Rare earth elements in 154 8 6 . 
actually reported . 
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1 5495 

15495  PORPHYRITIC RADIATE QUARTZ-NORMATIVE 9 0 8 . 9  g 
MARE BASALT 

INTRODUCTION : 15495 is a c oarse p orphyritic mare basalt , 
c ontaining z oned phenocrysts of p igeonite up t o  2 . 5  em l ong . Its 
crystallizati on age has not been determined . It c ontains 5-10% 
prominent vugs partly b ounded by euhedral pyroxene prisms ( Fig. 
1 ) . The sample is brownish gray , subangular , and t ough . A few 
z ap p its are present on " S " , "T" , " E" ,  and " B " . 

Figure 1 .  Macroscopic view of "N" face of 1549 5 . 

The sample was c ollected ab out 2 8  m s outh-s outheast of the rim 
crest of Dune crater, from an area with moderate fragment c over 
and sparse small craters , and near t o  rocks 15475 and 154 7 6 . Its 
orientati on is known . 
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� .  PETROLOGY : No c omprehensive descrip ti on of 15495 has been 
published , but it is clearly a quartz-normative or p i ge onite 
basalt . It c onsists of c oarse (up t o  2 . 5  em l on g) c omplex 
phenocrysts of p i ge onite , radially oriented , embedded in a fine
grained groundmass of pyroxene , plagi oclase,  opaque phases , and 
s il ica glass ( Fig. 2 ) . Takeda et al . ( 19 7 5 )  made a study of the 
pyroxenes using single crystal x-ray diffract i on and microprobe 
methods , providing pyroxene analyses and crystall ographic para
meters . The pyroxenes have pige onite c ores and augite rims . 
Exs olution is not visible under the microscope , but is shown by 
x-ray diffract i on .  R oedder and Weiblen ( 1972 ) reported the 
presence of late-stage immiscible high-sil ica and high-iron melts 
in 154 9 5 . Huffmann et al . ( 1972 , 1974 ) in a Mossbauer and 
magnetic study f ound that 9 8 %  of the iron was in sil icates and 
1 . 5% in ilmenite , with 0 . 076% metallic iron .  Humphries et al . 
( 19 7 2 )  briefly diagrammed results of crystall izat i on experiments 
( 1  atmosphere , equil ibrium, f02 buffered at iron-wustite) f or a 
sample of 1549 5 . Spinel crystallized j ust before olivine ( about 
1 2 4 0°C) with p i ge onite entering at ab out 1 2 2 0°C . Olivine reacted 
out j ust before plagi oclase entry at ab out 1145°C . The entire 
was s ol id s omewhere bel ow 1100°C . 

Figure 2 .  Phot omicrograph of part of 15495 , 14 ( crossed 
p olarizers ) . Field of view is ab out 3 mm . 
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Cooling history: Cool i ng rate esti mates were made by L .  
T ayl or et al. ( 1 973), Lof gre n  et al. ( 1 975 ) , and Grove and Walker 
( 1 977 ). L .  Tayl or et al. ( 1 97 3) pl otted Zr i n  ilmenite against 
Zr in ulvospinel , with the results i ndicating re-equilibrat i on of 
these phases t o  bel ow 900 °C. The subs olidus Zr in ilmenite;zr in 
ulvospi nel is a l ittle higher than in 15475 and 15065 ( c oarser
grained basalts ), hence c ooled a l ittle faster . This interpre
tat i on is c onsiste nt with the sl ightly smaller degree of 
ulvospi nel reducti on i n  15495 than i n  15475 and 15065 . Brett 
( 1 97 5 )  used these data t o  estimate a mi nimum fl ow thickness of 2 

meters . Lofgren et al . ( 19 7 5 )  c ompared phenocryst morphol ogies 
with those in charges from dynamic ( c ooli ng rate) e xperiments on 
a quartz-n ormative basalt c omposit i on. The small differences in 
c ool i ng rate est i mated f or pyroxene phenocrysts ( less than 
l °C/hr) and matrix ( l  t o  5 °C/hr) are not interpreted as 
i ndicating a two-stage origi n but t o  result from crystall ization 
of a 2 t o  3 mete r thick f l ow e xtruded without phenocrysts . Grove 
and Walker ( 19 7 7 )  a l s o  did c ontrolled c ooling rate e xperimental 
studies of a quartz-normative basalt . By c ompari s on ,  the 
phenocryst nucleat i on density in 15495 suggests an early crystal
lizati on rate of 0 . 05 °C/hr , while the i ntegrated rate from the 
t otal phenocryst size is s l ower than 0 . 5 °C/hour . A late stage 
rate of 0 . 5 °C/hr was derived from plagi oclase sizes . They 
i nterpreted the data t o  give results s i milar t o  Lofgren et al . 
( 19 7 5 )  a nd Brett ( 1 97 5 ) : final c ooling at 1 3 3  em from a 
c onductive boundary , a nd s l ow ,  nearly l i near c ool ing throughout 
its e nt ire c ool ing history . Takeda et al . ( 1 97 5 )  also discussed 
c ool ing rates obtained from their pyroxene data . 

CHEMISTRY : Bulk rock chemical a nalyses are listed in Table 1 and 
the rare earths pl otted i n  Figure 3 .  Laul a nd S chmitt ( 19 7 3 )  
als o  analyzed separates of pyroxene , plagioclase ,  and ilmenite . 
Christian et al . ( 19 7 2 )  a nd Cuttitta et al . ( 19 7 3 )  rep orted an 
" e xcess reducing capacity" of +0 . 11 .  Wanke et al . ( 19 7 5 )  
rep orted an analysis f or oxygen . Fl ory et al . ( 19 7 2 ) rep orted 
orga nogenic compound data from acidolysis and volatilizat i on for 
different temperature releases , giving abundances of N2 , co, C H4, 
C 02 , and H2 0. 

Few of the authors have made specific c omme nt on their data . 
Laul and S chmitt ( 19 7 3) noted that the S m/Eu of 5 . 4  was higher 
than that i n  b oth 15016  a nd 15659 (which are b oth olivine
normative basalts ) a nd all their rake samples . H owever this high 
S m/Eu d oes not show up i n  the a nalysis of Wa nke et al . ( 19 7 5 )  and 
is not a usual feature of Apol l o  15 b asalts . O ' Kelley et al . 
( l9 7 2 a , b , c) noted that the K abundances are similar to Ap ol l o  11 
and 12 samples but that K/U is a l ittle higher . The nitrogen 
abundance reported by Becker and Cl ayton ( 19 7 5 )  is much l ower 
than in s oils a nd brecc i as ,  as would be e xpected . 
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�-' TABLE 15495-l. Chemical Analyses of 15495 

,23 ,24 ,58 ,52 ,0 ,59 ,10 ,60 
Wt % Si02 47.98 48.00 49.0 

Ti02 2.00 !.6 1.80 1.52 
Al203 8.97 8.4 9.57 9.28 
FeD 20.74 22.0 20.07 19.4 
H 0 8.96 8 8.42 9.68 
CaO 10.26 10.6 10.43 10.4 
Na20 0.31 0,271 0.327 
K20 0.07 0.062 0.062 0.047 0.059 
P20S 0.08 0.090 0.062 

(ppm) Sc 36 46 46.0 
v 152 240 179.4 
Cr 2000 3980 3500 3880 
Mn 2250 2100 2020 2050 
Co 44 46 44.5 
Ni 26 47 
Rb 1.3 <2 o. 77 1.032 
Sr lOS 114 108 108.42 
y 32.2 25 
Zr 100 126 85 
Nb 10 7.7 4.7 
Hf 3,2 2.31 
Ba 92 <140 68 
Th 0.43 0.60 0.6331 
u 0.136 0.16 0.1720 
Pb 0.4100 
La 10 8.1 6.03 
Ce 22 14 
Pr 2.4 
Nd 
Sm 5.4 3.71 
Eu 1.1 0.87 
Gd 5.1 
Tb 0.90 0.91 
Dy 5.8 s.so 
Ho 1.2 
Er 3.1 -� Tm Yb 4.6 3.3 2.46 
Lu 0.49 0.35 
Li 6.4 6.2 
Be (l 
B 
c 
N 3.5 
s 654 569 
F 27 
Cl 6.0 
Br 0.024 
Cu 12 27.2 
Zn l. 3 

(ppb) I 
At 

Ga 4200 3270 
Ge (50 
As s.s 
Se (60 
Mo 
Tc 
Ru 
Rh 
Pd <10 
A 
Cd 
In 

Sn 
Sb 
Te 
Cs 32 
Ta SOD 310 
w 168 
Re 1.8 
Ds 
Ir 

Pt 
Au 0.26 

r-- Hg 
Tl 
Bi 

(I) (2) (3) (4) (S) (6) (7)  (8) 

8 13 



15495 

References for Table 15495·1 

References and methods: 

(1) Ch ristian et al. ( 1972); XRF, chemical, optical emission spec. 
(2 ) Laul and Schmitt (1973); INAA. 
(3) Willis et al . (1972 ) ;  XRF (4) Wanke et al . (1975, 1977 ) ;  XRF, INAA, RNAA. 
(5) O'Kelley et al. ( 1972a, c ) ;  gamma ray (6) Barnes et-ar:-(1973); isotope dilution , elect ro-deposition, mass spec. 
(7) Be cker and Clayton ( 1975 ) ;  pyrolysis. (B) Thode and Rees (1972); 

s I 
m i tooJ 

I 
� : -----,. _____ _ 

Laul and Schmitt ( 1973) ;  I NAA 

_ __ , 
-----_, 

* ,24 
,52 llanke et a t . ( 1 975, 1977); XRF, INAA, 

RNAA 

* Gd value calculated. 

La Ce Pr Nd 

Rare Earth Element 

LEGEND: SPECJFlC �.24 U-1 ,52 

Figure 3 .  Rare earth abundances f or 154 9 5 .  
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STABLE ISOTOPE S: Becker and Cl ayton (1 975 ) reported o15N °jo o  
a s  +89 (±5 %) which differs from 12063 , another mare basalt 
analysed , by 1 0 0 %. They suggested that even i n  basalts , 
spallat i on must be considered , otherwise nitrogen should be 
isotopically homogeneous .  Thode and Rees (1 972 ) rep orted os's 

0 /0 o of + 0 . 2 4 ,  s imil ar to other basalts and l ower than s oils (+5 
t o  +10) . Barnes et al . (1 973 ) reported K isotopic data : 3 9/ 4 1  
of 14 . 0 04 and 13 . 999; a nd 4 0/ 4 1  of 0 . 0 0 1 8 5 5  and 0 . 0 0 18 5 9 .  

RADIOGE NIC ISOTOPES: Bar nes et al. (1 973 ) reported Pb and Sr 
isot opic data f or whole r oc k  samples . They calculated the model 
ages listed i n  T able 2 .  

TABLE 154 95-2 . Pb a nd sr model ages f or 15495 
( Ba rnes et al . ,  1 973 ) 

ISOTOPE SYSTEM 
2 0 7/2 0 6  
2 0 6/ 2 3 8  
2 0 7/2 3 5  
2 08/2 3 2  

8 7/86* 

* 'A ' ± 1 .  3 9  X 10- 11 yr-1 

MODEL AGE (m . y . ) 
4 500 
4 4 2 3  
4 4 76 
4 5 3 3  
4 5 0 9  

EXPOSURE AGES : 0 1Kelley et a l. ( 1972b , c) and Eldridge et al. 
( 19 72 )  rep orted c osmogenic nuclide dis i ntegration data ( g amma ray 
spectrometry) f or 22Na, 26Al , 46Sc ,  4 8V, 54Mn, and 56Co. The Co , 
Mn , and Na isot o�es are cl ose to saturation from exposure t o  
s olar and galact�c rays ; the exposure may be low, i . e . , about 2 
m . y .  Y okoyama et al . ( 19 74 )  stated that 26Al is unsaturated , an 
agreement with a 2 m . y .  or l ess exposure . 

PHYSICAL PROPERTIES : Nagata et a l. ( 19 72 ,  197 3 )  l is ted basi c  
magnetic properties f or split , 52 (Tabl e  3 ) . A thermomagnet i c  
curve is s imilar t o  that f or other basalts ; iron metal is the 
ferromagnetic c onstituent . Banerj ee and Mellema ( 19 73 )  obtained 
a paleofield of 2 2 0 0  (±- 15 %) gammas using the ARM method , while 
Murthy and Banerj ee (19 73 )  quoted stable magnetism less than 0 . 3  
x l 0 -6 emujg . C ollins on et al . ( 19 75 )  n oted that the Banerj ee 
and Mellema (19 73 )  interpretati on must be treated with caut i on 
because the method is actually only valid for s ingle domain 
grains where as lunar samples usually cont ain multidomai n  
particles . 
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TABLE 15495-3 , Magnetic properties of 15495 
(Nagata et al . ,  1973 )  

Property Value Units 

spec . paramag . susc Xa 3 .  8xl0-6 emu;g 
saturation mag. 4 .  2°K I, 0 . 98 emu/g 
saturation mag. 300°K I, 0 . 165 emu;g 
saturation rem . mag. 4 • 2°K I, 0 . 07 8  emujg 
saturation rem. mag. 300°K I ' 0 . 00075 emu/g 
coercive force 4 . 2°K H 87 Oersteds 
coercive force 3 00°K H: 10 Oersteds 
T at which H. and Ir sharply change 120 "K 

PBOCESSING AND SUBDIVISIONS : 15495 has been substantially 
dissected and allocated . Originally one end was sawn off , chips 
removed , and the end piece substantially dissected by sawing into 
three strips ( Fig . 4 ) . Most original allocations were from this 
end-piece . A second piece at right angles ( , 6 1 ;  9 4 . 0  g) was 
subsequently sawn off and is a display sample . A second cut 
parallel to the first was made in 1979 and sawn into small pieces 
( Fig . 5 ) , several of which were allocated . , o  is now 5 7 4 . 0  g .  

,zr 

Figure 4 .  Dissection of 1549 5 .  
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Figure 5 .  Subsplits of 1979 saw cut and remainder of , o .  
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15498 REGOLITH BRECCIA. GLASS-COATED ST . 4 2 3 3 9 . 8  g 

INTRODUCTION : 15498 is a coherent , glassy matrix breccia ( Figs . 
1 ,  2 )  with components mainly of mare derivation , including basalt 
fragments and glass . It is partly covered with vesicular black 
glass and has fissures filled with glas s .  It was originally 
described (Apollo 15 Lunar Sample Information Catalog , 1 9 7 1 )  as 
recrystall ized , but subsequent work has shown that interpretation 
to be in error . Its composition is rather similar to that of 
regolith collected at Station 4 .  

15498 was collected at the south rim of Dune crater , near the 
boulder from which samples 154 8 5 ,  154 8 6 ,  and 15499 were taken 
( Fig . 154 8 5- 1 ) . It was one-third to one-half buried in the 
fillet on that boulder. It is dark gray and angular with a thin , 
partial glass coat ( Fig . 1 ) . It has a few zap pits on one s ide . 
It was originally studied in a consortium headed by B .  Mason . 

Figure 1 .  15498 prior to sawing , showing angular nature and 
vesicular glass . 
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PETROLOGY : 154 9 8  is medium to dark gray with a brown tint . 
Clasts larger than - 0 . 2  mm compose -85% of the rock ; the rest is 
a glassy matrix (Figs . 2 ,  3 ) . Glass cuts (veinlets) and 
surrounds ( selvages ) clasts , and occurs as a partial coat . Most 
of the components are of mare origin : basalt fragments ,  pyroxene 
fragments ,  opaque fragments , and mare glasses . McKay and 
Wentworth ( 19 8 3 )  found it to be compact , with intermediate 
fracture porosity , and to have rare agglutinates , minor spheres , 
and abundant shock features .  Wentworth and McKay ( 19 8 4 )  found it 
to have a bulk density of 2 . 4 3 gjcms , with a calculated porosity 
of 2 3 . 8 % .  Its IJFeO of 19-29 (McKay et al . ,  1984 ) or 18 
( Korotev , 1984 unpubl ished) is immature . 

Figure 2 .  Sawn face of 15498 , 0 ,  showing pale-colored , em-sized 
clasts . 
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Figure 3 .  Photomicrographs (transmitted l ight) of 15498 matrix . 
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Mason ( 19 7 2 )  described ·the general petrography of the sample . 
Numerous irregularly-shaped clasts , all l ighter in color than the 
matrix and up to 1 em across ,  are prominent . The breccia is 
well-indurated and tends to break through clasts . It consists of 
rock , mineral , and glass fragments ,  with glass spherules and 
fissures , the whole welded together with interstitial glass . 
Rock fragments are mainly mare basalts , s imilar to those from 
Dune Crater ; some show shock effects . One 0 . 6  mm fragment is an 
Apollo 15 KREEP basalt ; other plagioclase-rich fragments are not 
uncommon , particularly among the larger clasts . Mineral frag
ments compose about half the rock : pyroxenes are almost entirely 
pigeonites or subcalcic augites with a wide range in composition . 
The compositions and proportions of minerals are s imilar to local 
soils . Glass forms 10% of the non-matrix material . Spheres are 
rare and small ,  and most glass occurs as shards . The fissure 
fill ings are vesicular , gray-green glass , whose composition is 
similar to the bulk rock and to local fines (Table 2 ) . The 
mineralogy and petrology suggest strongly that 15498 is a local 
regol ith , l ithified largely by welding of interstitial glass . 

Pearce et al . ( 19 7 6 )  described one thin section , , 8 ,  of which 2 0% 
is a single olivine gabbro (mare ) clast . The rest is glassy 
matrix ( 53 % )  and l ithic and miner(ll clasts ( 4 6 % ) , with abundant 
maskelynite . Metal is estimated to compose 0 . 0 1 %  of the volume 
( less than that determined by other methods ) and is observable in 
sizes less than 1 pm to 4 5xl8 pro. The iron-nickel metal occurs 
as single phase particles in glass , in pyroxene ,  and between 
fragments .  Even the metal grains in the matrix have Co higher 
than the "meteoritic" range ( Fig . 4 ) . 

+J I ] ro .0 2.74 Co 
0 1 5 4 9 8  • u 
+J c: • • . � Q) " • • 
u 1.5 I .... • • • Q) D. • I • • I 
+J 1 .0 l .c: j Ol • Q) o.sl -j 3: 

I I I I 
4 8 1 2  1 6  

Weight Percent Nickel 

Figure 4 .  Compos itions of metals in 15498  ( Pearce et al . ,  197 6 ) . 
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Christie et al . ( 19 7 3 )  studied 1 5 4 9 8  with optical and high
voltage electron microscopy techniques . They found low porosity , 
no evidence for recrystalli zation , and 5 0 %  glass matrix . Most 
clasts show extensive evidence of deformation , and none show no 
deformation ; Christie et al . ( 19 7 3 )  interpreted this observation 
to mean that deformation took place in situ . There is no 
evidence for clast anneal ing as in some higher-grade rocks . They 
concluded that 15498 formed from unconsolidated regol ith by the 
passage o f  shock waves of a few tens of kilobars . 

Steele et al . ( 19 8 0 )  made ion-probe analyses of the plagioclase 
in the basalt clast in , 8 ,  finding 7 . 4  ppm Li , 1 0 . 8  Wt % Ab , 169 0 
ppm Mg , 4 6 5  ppm K ,  4 3 5  ppm Ti,  3 5 0  ppm S r ,  and 2 5  ppm Ba . 

Uhlmann ' s  group (Uhlmann and Klein , 197 6 ;  Uhlmann and Onorato , 
197 9 ; Yinnon et al . ,  19 8 0 ;  and Uhlmann , 1 9 8 1 )  studied the viscous 
flow and crystallization behaviour of a glass purportedly of 
15498 composition in order to constrain the thermal history of 
154 9 8 . The data are used in models of varying complexity to 
determine cool ing rates . However , the composition used is unlike 
any published analysis of 154 9 8 , being much higher in Al 203 
( 19 . 8% )  and lower in FeO ( 8 . 4 % )  than data in Table 1 ,  hence the 
results are not of direct application . In a study on 1 5 4 9 8  glass 
itsel f ,  Uhlmann and Klein ( 19 7 6 )  found that anneal ing increased 
its density , a characteristic which suggests that it formed by 
cool ing from a molten state , not from shock which would already 
have given it a high density . They thus suggested that the shock 
features observed by Christie et al . ( 19 7 3 )  are unrelated to 
lithification itsel f .  

CHEMISTRY : Publ ished analyses of 1 5 4 9 8  are l isted in Tables 1 
and 2 ,  with rare earths plotted on Figure 5 .  The identities of 
the two spl its analyzed by Laul and Schmitt ( 19 7 3 )  are not 
precisely known : they were listed as breccia " clasts" but the 
samples from which they were taken were general matrix . The 
s imilarity of their K ,  U ,  and Th with the determinations on the 
bulk rock ( , O ; O ' Kelley et al . ,  1972 ) suggest that they are 
general matrix samples . The matrix is similar to local soil 
compositions and 1 5 4 9 8  was thus presumed by Laul et al . ( 19 7 2 )  
and others to b e  l ithified soil . The glass fissure analysis is 
similar to the Laul and Schmitt ( 1972 ) " clast" analyses . The 
abundant mare component is conspicuous . The analysis of Wanke et 
al . ( 19 7 6 )  is of a light gray clast , and it is clearly a mare 
basalt . The S i ,  Fe , S c ,  and Th abundances strongly suggest that 
it is a quartz-normative basalt . 

Modzeleski et al . ( 19 7 2 )  reported data for compounds of carbon 
i . e . , co , C02 , and CH4 ; and Kaplan et al . ( 19 7 6 )  also reported 
CH4 data (as C = 12 . 6  ppm) . Wanke et al . ( 19 7 7 )  reported an 
oxygen analysis for the mare basalt clast . Kaplan et al . ( 19 7 6 )  
used an acid hydrolysis method t o  determine a n  Fe-metal abundance 
of 0 . 53 % .  
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TABLE 1 54 9 8 - 1 .  Bulk analy s e s  o f  1 5 4 9 8  

4 5 A  , 4 6A , 0  , 3 2 • 3 1  , 1 2 6  
W t  % S i 0 2  

T i 0 2  1 . 6  1 . 6  1 .  9 3  
A l 2 0 3  1 2 . 9  1 3 . 7  1 1 . 2  
F e D  1 7 . 3  1 6 . 7  1 7 . 9  
H 0 1 0  1 1  9 . 7  
CaD 1 0 . 8  1 1 . 1  8 . 5  
N a 2 0  0 . 3 8 5  0 . 3 9 5  0 . 3 6 
K20 0 . 1 3  0 .  1 3  0 . 1 3 7 4  
P 2 0 5  

( pp m )  S c  3 4  3 1  3 4 .  1 v 1 6 0  1 5 0  1 1 7 
C r  3 1 5 0  3 1 00 3090 

Hn 1 7 0 0  1 6 0 0  1 1 7 5  
C o  3 44 5 . 7  
Ni 1 6 9  
Rb 
S r  1 20 
y 
Z r  2 5 0  
Nb 
!If 5 . 7  5 . 3  6 . 7  
B a  1 4 0  !. 5 0  1 4 9  
Th 1 . 9  2 .  1 2 . 5 2 . 4  
u 0 . 7  0 . 7  0 . 6 5  0 . 6 8 
Pb 
La 1 5  1 6  1 5 . 4  
Ce 4 2  4 3  4 3  
P r  
Nd 2 5  
Sm 7 . 8  7 . 8  7 . 9 2  
Eu 1 . 2  1 . 2  1 .  24 
Gd 
Tb 1 . 6  1 .  6 1 .  6 6  
Dy 9 . 6  1 0  
llo 

� �, E r  
Tm 
Yb 5 .  5 5 . 8  5 . 6  
Lu 0 . 7 9  0 . 8 5 0 . 7 5  
Li 
Be 
B 
c 1 6 . 4  6 2  
N 5 5  
5 6 6 0 , 6 8 0  
F 
Cl 
Br 
Cu 
Zn 

( pp b )  1 
At R e f e r e n c e s  a n d  m e t h o d s :  
Ga 
Ge ( 1 )  Laul and - Schmi t t  ( 1 9 7 3 ) ; INAA 
As ( 2 )  O ' Ke l ley e t  a l . ( 1 9 7 2 ) ;  Gamma ray s pe c t r o s c o py 
Se ( 3 )  M o d z e l e s k i  e t  a l .  ( 1 9 7 2 ) ;  Vacuum p y r o l y s i s /MS 
Ho ( 4 )  Kap lan e t  ar:-TT97 6 ) ;  P y r o ly s i s / hy d r o l y s i s  
T c  ( 5 )  Ko r o t e v  �4 unpub l i s he d ) ; INAA 
Ru 
Rh 
Pd 
A 
Cd 
In 
Sn 
Sb 
Te 
C s  1 5 0  
Ta 8 0 0  B O O  8 3 0  w 
Re 
Os 
l r  7 • 1 
Pt 

/�' Au 1 . 6  
H g  
Tl 
Bi 

(1 )  (2 ) ( 3) ( 4 )  ( 5 )  
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TABLE 15498-2 

, 52 GLASS 
CLAST F ISSURE 

W t  % S i 0 2  4 7 o 1  4 7 o 4  
T i 0 2  1 o  9 7  1 o 9  
Al203 9 o 8  1 2 o 8  
F e O  19 0 19 1 6 o 8  
M&O 9 0 1 1 0 o 5  
C a O  1 O o  1 9 o 8  
Na20 O o 2 5 5  0 , 4 1  
K20 O o 0 4 1  O o  1 1  
P 2 0 5  O o 087 

( p pm) Sc 4 5 o 9  
v 1 8 2  
C r  4 0 2 0  
Mn 2 0 7 0  
C o  4 4 , 9  
N i  90 
Rb O o 80 
S r  7 5 ,83 
y 3 5  
Z r  9 4  
Nb 1 0  
Hf 2. 49 
B a  6 0  R e f e r ences and m e t ho d s : 
Th 1. 08 u O o 1 8 ( I ) Wanke et a l .  (1977) : C o mb i n e d  XRF , 
Pb INAA, � 
La 5 . 9 3 ( 2 )  Mason (1972 ) ;  Microprobe 
Ce 1 8 o 0  
Pr 2 .  40 
N d  1 2  
S m  3 o 58 
Eu O o 76 
Gd 4 o 9l 
Tb O o 79 
Dy 5 o 3 5  
Ho 1 o  09 
Er 3. 19 
Tm 
Yb 2 o 6 2 
L u  O o 37 
L i  7 0 7 
Be  1 . 1 2  
B 
c 
N 
s 6 7 0  
F 31 
Cl 4 o 2  
Br O o 0 34 
Cu 7. 73 
Zn 15 

ppb) I 
At 
Ga 3 0 0 0  
G e  < 2 5 0  
A s  1 . 5  
S e  -3 0 
M o  
Tc 
Ru 
Rh 
P d  
A 
Cd 
In 
Sn 
Sb 
Te 
C s  4 0  
Ts 390 
w 96 
Re 
Os 
Ir 
Pt 
Au 0 . 1 3  
H g  
Tl 
B i  

824 



s 

100 

n 

* 126 * '45A 
* 

'
46A 

' 

- Korotev ( 1984, unpub l i shed ) ;  INAA 
· Laul and Schmi tt ( 1973); INAA 
- Laul and Schmitt ( 1973); INAA 

15498 

,52 · Wanke et a l .  ( 1977); Combined XRF ,  INAA, 
etc. 

* Gd value calculated. 

-�--+--r----* 1--\ I -+--+----..L. --+-

La Ce Pr Nd 

\ � --
1 -� ¥ '� 

Rare Earth Element 

LEGEND: SPECIFIC � , 126 t*·* , 45A 6-H , 46A -1-H , 52 

Figure 5 .  Rare-earths in materials from 1549 8 . 
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STABLE ISOTOPES : Kaplan et al . ( 19 7 6 )  reported isotopic ratios 
for l ight elements : o ClS = -19 . 9 ,  o l5N = -4 1 ,  o 34S ( from 
combustion) = +8 . 0 ,  and o34S ( from hydrolysis) = +5 . 1 . The 
nitrogen and carbon isotopes are quite dissimilar from typical 
soil s ,  even though the absolute abundances are similar to soils . 

RARE GASES AND EXPOSURE : Bogard and Nyquist ( 19 7 2 )  and PET 
( 19 7 2 ) tabulated noble gas contents and isotopic abundances . 
Kaplan et al . ( 19 7 6 )  reported He abundances , which are lower than 
soil s . Megrue ( 19 7 2 , 19 7 3 )  reported noble gas isotopic abundance 
for four spl its ( laser probe , mass spectrometry methods ) .  The 
essential gas component is a highly fractionated solar wind , with 
cosmogenic gases primarily within a l ight-colored l ithic fragment 
and the fine-grained matrix in one sample . Glass from sample , 55 
requires a source separate from the others . The data suggest 
that 154 9 8  is a consolidated lunar soil . 

The data of Eldridge et al . ( 19 7 2 )  suggest that 26Al is satu
rated , thus 15498 has been exposed at least 2 m . y .  

PHYSICAL PROPERTIES : Gose et al . ( 1972 , 1973a)  and Pearce et al . 
( 19 7 3 ) found a paleomagnetic intensity o f  2 100 ± 8 5  gammas using 
the Thellier-Thell ier method , one of the few intensities consid
ered at all reliable (however ,  Collinson et al . ( 19 7 5 )  stated 
that this intensity is uncertain because of the way the slope of 
the data is constrained on a plot of NRM lost vs . pTRM gained , 
and they suggested a revised intensit¥ of at least 7 , 00 0  gammas ) .  
Gose et al . ( 19 7 2 )  also tabulated bas�c magnetic data derived 
from hysteresis loop s . They found 0 . 3 4 %  metallic iron , l ike 
soil s ,  which is not meteoritic but from subsol idus reduction of 
Fe2+ .  1 5 4 9 8  is very unusual under demagnetization in having an 
extremely stable intensity which does not change in direction 
( Fig . 6 ) . At the same time it shows a strong viscous remanent 

magnetization acquisition ( see also Gose et al . ,  19 7 3b ) , with a 
classical Richter-type effect s imilar to Apollo 14 low-grade 
breccias and typical o f  rocks containing metal grains of a few 
hundred angstroms size . The high stability is undoubtedly due to 
the presence of single domain grains . 

Pearce et al . ( 19 7 6 )  reported magnetic data from heating and 
thermal demagnetization of , 3 6  and found no reason to doubt their 
previous 2 100 gammas paleointensity determination . Hale et al . 
( 19 7 8 ) studied a small clast , too small to permit analysis of 
hysteresi s  characteristics , using microwave heating ( in an 
attempt to determine its usefulness) and conventional heating 
techniques � they depicted demagnetization curves for NRM, ARM ,  
and IRMs . The paleointensity determined following microwave 
heating was 2 7 0 0 0  gammas ,  significantly higher than that of Gose 
et al . ( 19 7 2 , 1973a) . 
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Figure 6 .  
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Change in intensity and direction upon AF demagnet
ization of 15498 , 3 5 and , 3 6  ( Pearce et al . ,  197 3 ) . 
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Figure 7 .  Velocity profile for 15498 ( a )  hydrostatic pressure 
(b)  uniaxial loading (Warren et al . , 1 9 7 3 ) .  
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Brecher ( 19 7 5 ,  19 7 6 )  listed 15498 as an example showing magnetic 
"textural remanence" on account of its stable direction of NRM 
under AF-demagnetization . Housley et al . ( 19 7 6 )  presented ferro
magnetic resonance ( FMR) spectra for 154 9 8 , listing the response 
as strong , and s imilar to lunar fines . 

Warren et al . ( 197 3 )  depicted the variation of Vp with pressure , 
both hydrostatic and under uniaxial loading ( Fig . 7 ) . They also 
plotted strain vs . pressure ( Fig . 8 ) ; at high pressure strains 
become homogeneous and independent of orientation . Trice et al . 
( 19 7 4 )  depicted l inear strain measurements made up to 5 Kb 

hydrostatic pressure ( Fig . 9 ) . 

Alvarez ( 19 7 5 )  used 15498  to study the effect of solar radiation 
on electrical properties (which are normally measured in the 
dark) . His photoconductivity studies showed a 5-fold increase in 
surface conductivity when the sample was illuminated for 2 2  
minutes with infrared and ultraviolet sources .  s ince this was 
far from reaching equil ibrium , real values are probably more than 
5-fold increases . 

T . ..  6 ll 1o-l 
1 

'""'"' 
STRAIN 'IIERSU5 UNIAXIAL PRESSURE 

[LOAD CONCENTRATION fACTOR " 19.391 
LOADING ALONG ).3' AXIS 

L-----���------,=00------�,ro�-----� 
UNIAXIAL PRESSURE {8ARSI 

Figure 8 .  strain results under axial loading for 1549 8 , 2 3 
(Warren et al . ,  197 3 ) . 

15498,23 

. ,. 
-· ··· 

. .  , .. 
• 10•• ,.. 

Figure 9 .  Linear strain vs . pressure for 15498 , 2 3 ( Trice et al . ,  
1974 ) . 
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PROCESSING AND SUBDIVISIONS : A slab , 17 was cut through the 
sample , leaving , o  ( 17 0 8  g )  as one end and several pieces as the 
other ( Fig . 1 0 ) . Pieces , o ,  , 14 ( 62 g) and , 16 ( 2 13 g )  remain 
almost intact , the latter in remote storage . The slab was 
substantially divided { Fig . 10 ) , and , 2 0 ( 3 8  g )  is in remote 
storage . All the thin sections ( , 5 ;  , 6 ;  , 8 ;  , 9 ;  , 99 ;  , 10 0 ; and 
, 10 1 )  were made from a s ingle small piece , 3  chipped off prior to 
sawing , with the exception of several grain mounts made from 
pieces of the slab . 

� 
.f�·;�:,�;T::··s-� 

,, 'CJ')�. ;7!\··· . '��.�*" 
'--!---,�':---!, \ '16 . ,1!� 

/;�� ;l; ;2�\ 
.___.___. 
0 1 ,, 

CM 

Figure 1 0 .  Cutting diagram for 154 9 8 ,  showing splits following 
sawcutting and slab dissection . 
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15499 VITROPHYRIC QUARTZ-NORMATIVE ST . 4 2 02 4  g 
MARE BASALT 

INTRODUCTION : 15499 is a vitrophyric pigeonite basalt collected 
from the top of the same vesicular boulder on the south rim of 
Dune Crater as the similar samples 15485 and 15486 ( Fig . 1 ) . It 
is one of the most-rapidly cooled of the quartz-normative basalts 
and has an age of -3 . 3  b . y . 

15499 is a vesicular basalt with a porphyritic , diktytaxitic 
texture ( Fig . 2 ) . It is medium-dark gray , blocky and angular , 
and tough . It was broken from the boulder , hence has a fresh 
surface , and the other side has z ts . 

Figure 1 .  Sampl ing locations for 154 8 5 , 154 8 6 ,  and 15499 from a 
boulder on the south rim of Dune Crater . 

830 



1 5499 

Fig.  2a 

Figure 2 .  Macroscopic views of 15499 prior to any chipping, 
showing angular , tabular nature , and diktytaxitic 
texture . 
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PETROLOGY : 15499 contains abundant euhedral pyroxene 

Fig. 2 b  

phenocrysts , with yellowish cores and brown rims , up to 1 em 
long , set in a dark brownish gray groundmass ( Fig . 3 ) . A general 
description of thin section , 4  was given in the Apollo 15 Lunar 
Sample Information Catalog , which stateD that the sample is 
porphyritic ( 4 2 % )  with a fine-grained groundmass ( >57 % ) . The 
groundmass contains clinopyroxene ( 52 %  of rock) , 5% ilmenite , and 
minor Fe-Ni metal , Cr-spinel ·� troilite , and ulvospinel . Rhodes 
and Hubbard ( 19 7 3 ) reported a similar mode for , 7 :  4 1 . 8 % 
pyroxene , 0 . 8 % olivine , and 57 . 3 % groundmas s ,  with the same 
identified trace minerals .  Bence and Papike ( 19 7 2 )  also noted 
the single large skeletal olivine phenocryst : it is extremely 
zoned from an Fo�8 core to an Fo83 rim . Brief general descrip
tions of the rock are also given by Papike et al . ( 1972 ) and 
Bence and Papike ( 19 72 ) . The crystallization sequence of 
olivine�olivine + pigeonite�pigeonite + augite�augite + plagio
clase ( Bence and Papike 1972 ) is an agreement with the 
experimental results (below) . Very l ittle olivine developed . 
The pyroxenes are composite with pigeonite core and augite rims . 
The groundmass is a variolitic aggregate of coprecipitating 
plagioclase , augite , and glass . Oxide phases occur only in the 
groundmass . Several studies have focussed on determining the 
cooling history o f  1549 9 .  
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Fig.  3a 

Fig . 3b 

Figure 3 .  Photomicrographs of 15499 , 95 .  All transmitted l ight 
except ( c ) , crossed polarizers . (b)  and ( c )  are the 
same f ield . All same scale . 
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Fig. 3c 

The pyroxenes are described by Papike et al . ( 1972 ) , Bence and 
Papike ( 1972 ) , Bence and Autier ( 197 2 ) , and Grove and Walker 
( 19 7 7 ) .  Compositional variations are shown in Figure 4 .  Papike 
et al . ( 1972 ) studied exsolution relationships using single 
crystal x-ray diffraction and microprobe techniques , and found 
virtually no exsolution . They noted that the phenocrysts are 
well developed with l ittle evidence for resorption , consistent 
with a rapid, late-stage quench . The phenocrysts show a 
continuous buildup of Al to nearly 10% Al203 in augite rims 
( Bence and Papike 197 2 ) , and there is no ca-discontinuity , 
consistent with the interpretation that plagioclase did not 
precipitate until the phenocrysts to all intents and purposes 
stopped growing . The phenocrysts show two crystallization 
trends , according to growing direction . Pyroxene analyses are 
tabulated by Bence and Papike ( 1972 ) (Table 1 ) . Bence and Autier 
( 19 7 2 )  used secondary ion mass analysis and the electron micro

probe to analyze for several minor elements along traverses ( Fig . 
5 ) . Abu-Eid et al . ( 19 7 3 ) studied electronic absorption and 
Mossbauer spectra for a hand-picked pyroxene , finding significant 
Ti3+ in the rims of pyroxenes ,  and that Fe3+ was below their 1% 
detectabi lity l imit . 
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Figure 4 .  Pyroxene maj or and minor element plots ( Bence and 
Papike , 197 2 ) . 
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Figure 5 .  Variation of trace elements across pyroxene in 1 5 4 9 9  
( Bence and Autier , 1972 ) . 
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El Goresy et al . { 1 9 7 6 )  studied z oning in the spinels ,  noting 
that 1 5 4 9 9  and other fine-grained quartz-normative basalts have 
spinel s  with chromite cores which display idiomorphic sharp 
boundaries to an ulvospinel rim, without a s ign o f  reaction prior 
to ulvospinel precipitation ( in contrast with the corroded cores 
in coarse basalts ) .  No details are presented for 15499  specif
icalYy ,  although the authors state that a number of spinels in 
15499 were analyzed . Engelhardt ( 19 7 7 )  tabulates ilmenite 
paragenesis . 
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Cool ing history: S everal petrological studies have been 
directed at establishing the cool ing history of 15499 , mainly 
from a comparison of the rock with products of dynamic crystal
lization experiments on a similar composition . Lofgren et al . 
( 1 9 7 4 )  found that the morphology and z oning of 15499  phenocrysts 
resembled those in experiments conducted with linear cool ing 
rates of 1 . 2°C to 3 0°C/hr , and a comparison of the core 
compositions suggests that the nucleation was at 1190°C i . e . , 
supercooled 3 0°C . The results do not require a two-stage cooling 
history . A further study ( Lof�ren et al . ,  197 5 )  of phenocryst 
shapes and matrix textures ind�cated 5-2 0°C/hr and 10-3 0°C/hr 
respectively , and 15499  to be one of the fastest-cooled quartz 
normative basalts . Grove and Walker ( 19 7 7 )  made a more detailed 
study , again using comparisons with dynamic experiments . The 
pyroxene nucleation density suggests 1 . 75°C to 3 . 7 5°C/hr at 
nucleation , the phenocrysts size suggests an integrated pheno
cryst cool ing rate of 1 . 75°C/hr , and the plagioclase sizes 
suggest a late-stage cool ing rate of 3 0°C/hr . i . e . , initial slow 
cool ing and late rapid cooling . A cooling experiment ( l°C/hr for 
4 days , 3 0°C/hr for 12 hrs) dupl icating these inferred conditions 
resulted in a very close match with 15499 . Both the products of 
this experiment and 15499 contain skeletal pyroxenes smaller than 
the phenocrysts but bigger than the groundmass pyroxenes : these 
are not found in l inear cool ing rate experiments . Grove and 
Walker ( 19 7 7 )  further concluded that 15499 crystall ized �15 em 
from a conductive boundary . In comparison with 15485 and 154 8 6  
from the same boulder , 15499 has a similar nucleation density but 
both pyroxene and plagioclase are coarser . Grove ( 19 8 2 ) studied 
pyroxenes exsolution with TEM for comparison with experimental 
analogs . TWeed modulation and heterogeneously-nucleated ( 00 1 )  
lamellae are present . On ( 0 0 1 )  the mean wavelength i s  1 8 6  A .  
Spinodal decomposition is also J?resent on ( 10 0 ) . 6{3 is 2 . 67° . 
The integrated cool ing rate est�mated from the ( 0 0 1 )  lamellae 
wavelength is about 8 0°C/hr . Brett ( 19 75 ) , using available 
kinetic data , concluded that 15499 was from a cooling unit - 0 . 5  m 
thick . Uhlmann ( 19 8 1 ) , using a 15499-like composition , studied 
the characteristics of glass to evaluate the cooling rate , 
finding that a rate of l4°Cjsecond (much faster than the natural 
sample) would be

_
re��red to form a �las s .  

EXPERIMENTAL PETROLOGY : Humphries et al . ( 1 9 7 2 )  determined the 
equilibrium, l ow pressure crystallization o f  a 15499  sample ,  
finding results similar to other quartz-normative basalts ( Fig . 
6 ) : some olivine crystall izes before pyroxene : all ol ivine 
reacts out before anorthite entry . They prefer the interpre
tation that 15499  is a mixture of liquid and accumulated 
pyroxenes ,  not a liquid composition . 
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Figure 6 .  Experimental equilibrium crystallization data for 
15499  and other quartz-normative basalts (Humphries et 
al . ,  197 2 ) . 
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CHEMISTRY : A few analyses have been published ( Tabl e  2 )  but not 
including rare-earth data . There has been l ittle specific 
descussion of the 15499 composition , other than to note that the 
sample is in the quartz-normative basalt group . Gibson et al . 
( 19 7 5 )  presented data for co , C02 , H2 , H,s ,  and Fe0 , and Kaplan 
et al . ( l9 7 6 )  also presented an Fe0 abundance .  

STABLE ISOTOPES : Gibson et al . · ( 19 7 5 )  reported o 3"S 
determinations of +0 . 2  ( , 2 0 )  and -0 . 9  ( , 2 0 ) , and Kaplan et al . 
( 19 7 7 )  reported sul fur isotopic determinations which are s imilar , o  

34S = 1 . 2  ( from combustion sul fur) and + 0 . 6  ( from hydrolysis 
sul fur) . 
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-�-
TABLE 15499-2 

,9 ,2 ,20 , 22 , 1 1  , 7 2  , 104 , 18  , 19 , 1 2  
W t  % Si02 47. 89 47.62 47.93 

Ti02 1 . 81 !.81 !. 73 
Al203 9 . 19 9.27 8.88 
FeO 20.47 20.26 19.84 
M�O 9.11 8.94 9.93 
CaD !0.41 10.40 10. 
Na20 0.38 0.29 0.29 
K20 0.06 0.058 0.06 0.028 0. 054 
P205 0 . 08 0.08 0. 083 

ppm Sc v 189 
Cr 3600 4200 
Mn 2300 2200 2100 
Co 44 
Ni 19 51 
Rb 0.90 1.4 1 . 2  0.96d 1.08 
Sr 109.4 100 108. 7d 114.3 
y 28 31.1 
Zr I l l  109 
Nb 8 5.4 
Hf 
Ba 69 
Th 0 . 59 
u 0 . 1 6  0.173 
Pb 
La 
Ce 
Pr 
Nd 
Sm 
Eu 
Gd 
Tb 
Dy 

�-- Ho 
Er 
Tm 
Yb 
Lu 
Li 
Be 
B 
c 12 27 . 8b 9.9b 12 
N <2 
s 600a 700 805c 855c 640c 660 
F 
Cl 
Br 
Cu 3 
Zn <2 1 . 07 

(ppb) I 
At 
Ga 3000 
Ge 4.28 
As 
Se 1 1 5  
Mo 
Tc 
Ru 
Rh 
Pd �0.61 

0.99 
Cd 
In 0.90 
Sn 23 
Sb 1 . 42 
Te 
Cs 49. 1  
Ta w 
Re 0. 007 
Os <_0.06 
Ir 0. 0043 

,----, 
Pt 
Au 0.013 
Hg 
Tl 0.32 
Bi �0 . 1 6  (!) (2) (3) (4) (5) (5) (6) (7) (8) (9) (!o) (II) 
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Refe r e n c es to Table 1549 9 · 2  

References and methods: 

(1) Chappell and Green (1973) ; XR F  
(2) O 'Kelley et al. ( 1972); Gamma ray spectroscopy 
(3) Rhodes and Hubbard (1973); XRF 
(4) Moore et al. ( 1973) 
(5) Gibson�. (1975) ; Combustion , hydrolysis 
(6) Raplan et al. (1976) 
(7) Duncan etiil." (1976); XRF 
(8) Wolf et�1979); RNAA 
(9) Compston et al. (1972); XRF , l[lltS 
(10) Papanastassiou and Wasserburg (1973) ( 1 1 )  Husain (1974); MS 

Notes: 

(a) quoted as 590 ppm by Gibson et al. (1975) from a Moore 1974 checklist. 
(b) from CO CO abundances. 

--

(c) lower abundinces were derived from acid hydrolysis. 
(d) average of three determinations. 

RADIOGENIC ISOTOPES AND GEOCHRONOLOGY : According to Albee et al . 
( 19 72 ) , Huneke , Podosek, and Wasserburg determined a 40Ar-39Ar 
age o f  3 . 4 0 b . y .  for 15499 ; this data has not otherwise been 
published . Husain ( 19 7 4 )  found that the 40Ar*j39Ar* release 
pattern was somewhat perplexing , but derived an age of 3 . 3 4 ± 
0 . 0 8 b . y .  from the 1 0 0 0°C , 1 2 0 0°C , and 1 4 0 0°C releases ( Fig . 7 ) . 
Although tabulated as "no radiogenic Ar loss" the K-Ar age is 
sl ightly lower , 3 . 3 2 8  ± 0 . 0 3 6  b . y . , and Husain ( 19 7 2 )  previously 
reported a small ( 0 . 8% )  radiogenic argon loss . 

Compston et al . ( 19 7 2 )  and Papanastassiou et al . · ( 19 7 3 )  presented 
whole-rock Rb-Sr isotopic data ( Table 3 ) . Compston et al . ( 19 7 2 ) 
found the difference between subsplits to be consistent with 
dispersion along a 3 . 3  b . y .  isochron . Assuming this age , the 
initial s7sr;s6sr ratios for two splits would have been 0 .  6 9 9 4 5  
and 0 . 6 9 9 6  ± 3 ( sic) . 

Figure 7 .  

1400° 
Aoe = 3.34 !.OOB .. I09y 

15499,12 

0.8 1.0 

Thermal release study of the .. Ar"/"A r•, "'Ar"/01Ar, an.d K/Ca ralio\ of !5499. ! 2  �<:lui 

Ar release diagram (Husain , 197 4 ) . 
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TABLE 1 5 4 9 9 -3 .  Rb-Sr isotopic data for 154 99 whol e  rock sample 

Reference s7Rb;sssr s7sr;sssr TnAlll * 

Compston et al . ( 19 7 2 )  0 . 0248 0 . 7 0 0 62 ± 10 4 . 3 3  
Compston et a l . ( 19 72 ) 0 . 0280  0 . 70092  + 2 5  4 . 2 2 
Compston et al . ( 1972 ) - - 0 .  70077 ± 10 - -
Papanastassiou and 0 . 02740  ± 11 0 . 7 0 0 64 ± 11 4 . 2 8 

Wasserburg ( 1973 ) 

* from Nyquist ( 1977 ) 

EXPOSURE : Husain ( 19 7 4 )  determined an Ar exposure age o f  114 
m . y .  E ldridge et al . ( 1972 ) provide cosmogenic radionucl ide 
data ; evidently the sample was without much exposed surface area . 
The equilibrium concentrations of 26Al and 22Na mean that the 
exposure has been too long to a l l ow an estimate us ing the 
26Alj22Na method . 

TRACKS : Hutcheon et al . ( 19 7 2 )  studied crystal s  at the bottom of 
two vugs from the surface of 15499 . They observed no micro
craters . The largest crystals were pigeonite prisms without 
resolvable edge rounding but with a matte finish as i f  they were 
rough on a submicroscopic scale .  Polished vertical sections were 
made through the vugs . One vug , e l l ipsoidal with only a narrow 
neck to the exterior , had a track density which dropped o f f  very 
rapidly with depth in the outer few microns of crystals ,  but the 
high background track density (-1  x 108 cm-2 ) precluded measuring 
the gradient at a depth of a few microns . The background was 
probably accumulated before the vug was exposed , the steep 
gradient when some chip above the vug was removed .  A second vug 
has a track profile steeper than seen in any other lunar rock or 
meteorit e ,  >5 x 1010 cm-2 near surface to - los cm-2 a few tens of 
microns below ( Fi g .  8 ) . This profile is as steep as that on the 
Surveyor spacecraft , and much steeper than on an eroded surface . 
An exposure time o f  -105 years was estimated for the vug . Price 
et al . ( 19 7 3 )  discussed thi s  data , noting that the vug interior 
escaped erosion . 
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Figure 8 .  

Figure 9 .  
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PHYSICAL PROPERTIES : Coll inson et al . ( 19 7 2 , 197 3 )  presented 
basic magnetic and NRM data ( Fig . 9 ) . Spl it , 2 1 shows a steady 
movement of the NRM direction up to the maximum demagnetiz ing 
field used of 3 5 0  Oe . Split , 2 7 ,  undergoing stepwise thermal 
demagnetization up to 8 10°C , showed no change in the initial 
susceptibility at each stage , and this is typical of basalts . 
The NRM persists up to the CUrie point of iron , its apparent 
carrier . Split , 27 also shows a stead¥ migration of NRM 
direction up to the iron CUrie point , � . e .  no stable direction is 
revealed up to -7 5 0°C . Split , 2 1 has a low viscosity coeffi
cient . Artifical thermoremanence gives a TRM proportional to the 
applied field � an ambient field of 1 0 0 0  gammas is derived using 
some assumptions . The results are not easy to interpret in a 
single magneti zation history of a single thermoremanence event in 
a linear field . 

Fuller et al . ( 19 7 9 )  also studied the NRM ( Fig . 1 0 )  finding a 
large soft component , cLnd a poor directional stabil ity under AF
demagnetization . 

Adams and McCord ( 19 72 ) , using diffuse reflectance spectra ( 0 . 3 5 
to 2 . 5  �m)  to determine the wavelength positions of the two 
crystal-field absorption bands contributed by pyroxene , found 
15499 to be one o f  the most augitic Apollo 15 rocks . Charette 
and Adams ( 19 7 5 ) presented spectral reflectance data on a 
powdered sample :  the vitrophyric texture produces a shallower 
0 . 5  to 0 . 7 5 � m  slope than coarser rocks . 

PROCESSING AND SUBDIVISIONS : 15499 was broken into three large 
pieces , o ;  , 9 ;  and , 10 .  ( The only sawing was on , 2 6 ) . Only a 
few pieces were taken from , o  ( now 1128  g ) . , 9  was totally 
subdivided , with the two largest pieces being , 67 ( 17 7  g) and , 7 6 
( 3 77 g ) � the latter is in remote storage . The largest remaining 

piece of , 10 became a PAO display ( 16 3  g ) . A chip , 1  was made 
into thin sections , 4  to , 8 ,  and two pieces of , 10 were made into 
potted butts , 14 and , 2 5 ,  producing thin sections , 4 0 ;  , 4 2 ;  , 62 ;  
, 9 5 �  and , 4 3 and , 44 respectively . 
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Figure 1 0 . Magnetic data ( Fuller et a1 . ,  1 9 79 ) . 
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1550.5 REGOLITH BRECCIA. GLASS COATED ST . 9 1147 . 0  g 

INTRODUCTION : 15505 is a regolith breccia derived mainly from 
mare materials and almost entirely coated with glass ( Fig . 1 ) . 
The composition of the glass is similar to that of  the breccia . 
The sample is irregularly shaped . The glass coat is black ; the 
interior breccia is coherent and medium dark gray . The sample 
was less than one-hal f buried and lacks zap pits ; its lunar 
orientation is known . 

15505 was collected 15 m west of  the rim of a small crater and is 
probably part of  the ej ecta blanket . Samples 15506 and 15508 
probably broke off 15505 in transit . 

Figure 1 .  Pre-spl it showing abundant vesicular glas s ,  with 
breccia matrix in lower left . 
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PETROLOGY : 15505 is a regolith breccia ( Fig . 2 )  which is derived 
principally from the bedrock quartz-normative mare basalts at st . 
9 ( Engelhardt et al . ,  1972 , 197 3 )  and is similar to soils 
collected at that site in its fragment population . Both 
Engelhardt et al . ( 197 2 ,  19 7 3 )  and Michel-Levy and Jahann ( 19 7 3 )  
agreed that the matrix i s  rich i n  comminuted debris including 
abundant glass particles and spheres and welded with glass . 
Engelhardt et al . ( 19 7 3 )  analyzed glass fragments but reported no 
specific data . Pyroxene mineral fragments are more abundant than 
plagioclase . Gleadow et al . ( 19 7 4 )  noted a group of mafic meta
basalts in the sample , and defocussed beam, energy-dispersive 
microprobe analyses of these and other components are given in 
Sewell et al . ( 19 74 ) . 

Wilshire and Moore ( 19 7 4 )  noted that the glass does not mask the 
sharply angular character of the rock , and concluded that the 
glass is exposed veins which had developed along conj ugate 
fracture surfaces . Michel-Levy and Jahann ( 19 7 3 ) agreed that the 
glass cannot be a " splash" glass because it covers the entire 
sample , and interpreted it as an " exudation" glass derived from 
the matrix . Winzer et al . ( 19 7 8 )  reported a composition for the 
glass coat (Table 2 ) . Griscom and Marquardt ( 19 7 2 )  and Tsay et 
al . ( 19 7 6 )  reported brief electron spin resonance data for 
surface glass samples . 

Figure 2 .  Photomicrograph of matrix of 15505 , 4 8 ,  transmitted 
l ight . 

846 



1 5 505 

/�. -

TABLE 15505-1. Chemical analysis of bulk rock 

, 29 , 22 , 26 , 17 , 17a , 17 , 24 , 8  , a.!  , 72 , 0  ,91 
Wt %  Si02 

Ti02 1 . 6  
Al203 12.4 
FeO 17.2 17 . 4  

9 
eao 10. 9  14.4 9 .9  
Na20 0. 365 0.40 
K20 0 . 16 0. 1873 0. 1868 
P205 0. 18 0 . 2  

(Pf'll) Sc 32 33. 1 
v 150 
Cr 3030 3310 
Mn 1640 
Co 53 49. 6  
Ni 205 
Rb 
Sr 100 
y 

Zr 570 290 Nb 
Hf 9 . 0  7 .9  
Ba 150 210 
"fi1 2.8  3.685 3. 570 3 .64 3.5  u 0.9  0.87 1 . 1  1 . 039 0. 984 0.94 0.87 
Th 2 . 116 2 . 032 La 21 20.8 
Ce 57 55 Pr Nd 32 
Sm 10. 0 10. 1  
Eu 1 . 2  1 . 25 
Gd 
To 1 . 7  1 . 99 
Dy 6.4 
fb 
Er 

-� "Iln 
Yb 7.  6 .9  
Lu 1 . 1  0. 97 
Li 17 19 Be B c 47 . 6  104 
N 
s 1100 
F 
C1 15. 5 17.3 
Br 0. 193 o . oso Cu Zn 11.33 

(ppb) I 1400 1900 At Ga Ge 
As Se 280 
M::> 
Tc 
Ru Rh 
Pd 

7 . 8  Cd In Sn Sb 
Te 
Cs 210 
Ta 900 1040 w Re 0 . 59 
Os 6 . 5  
Ir 5. 5 7 . 1  
Pt 
Au 2 . 7  3.8 

� Hg 2 . 2  
Tl 0 . 89 
Bi <7. 7 0 . 56 (l) (2) (3) (4) (4) (5) (6) (7) (7) {9) {10) ( l l) 
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1 5 505 

R e f e re nc e s  t o  T a b l e  1 5 5 0 5 ·1 

References arrl methods: 

( 1 )  Laul and Schmitt ( 1973) : INM 
( 2 )  M:ldze1eski et a l .  ( 1972 ) :  vacuun pyrolysis/MS 
( 3 )  Moore et al-;{T973 )  
(4) Jovan:JV•c and Reed ( 1975 ) :  RNAA, etc . 
( 5 )  Reed et al.  ( 1977) 
(6) Hughes et al . ( 1973 ) :  RNAA 
(7) Silver (1973) : ID/MS 
(8) Winzer et al. ( 1978 ) :  Microprobe 
(9) SChaeffer and Schaeffer ( 1977 ) :  MS 
(10) Rancitelli et al . (1972 ) :  Gamna ray spectroscopy 
( 1 1 )  Korotev ( 1984 unpublished) :  INM 

r;otes: 

(a) -50% glass, -50% matrix 

Wt % 

(ppm) 

(ppb) 

Re ferences and meth ods ; 

(8) Winzer et aL (1978 ) ;  
Micropr� 

(7) S i lver (1973 ) ;  IDHS 
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TABLE 15505-2. Glass 

,80 ,8 
5102 4 9 . 65 
Ti02 I. 72 
Al203 1 1 . 63 
FeO 14. 99 
M�O I I .  22 
CaO 9 . 63 
Na20 0.45 
K20 0 . 2 1  
P205 
Sc 
v 
Cr 3300 
Mn 
Co 
Ni 
Rb 
S r  
y 
Zr 
Nb 
Hf 
B a  
Th 3 . 565 
u 0 . 975 
Pb 1 . 998 
La 
Ce 
Pr Nd 
Sm 
Eu 
Gd Tb 
Dy 
Do 
Er 
Tm 
Yb 
Lu 
Li 
Be 
B 
c 
N 
s 
F Cl 
Br 
Cu 
Zn 
1 
At 
Ga 
Ge 
As 
Se 
Mo 
Tc 
Ru 
Rh 
Pd 

Cd In Sn 
S b  
Te 
Cs 
Ta 
w Re 
Os 
Ir 
Pt 
Au 
Hg 
Tl 
Bi 

(8) ( 7 )  



15505 

CHEMISTRY : Chemical analyses of  the matrix are l isted in Table 1 
and of  the glass 11 coat11 in Table 2 ,  with rare earths for the 
matrix shown as Figure 3 .  There is a distinct s imilarity between 
glass , breccia , and local soil s .  Modzeleski et al . ( 19 7 2 )  
reported co , C02 , and CH4 determinations from which their bulk 
carbon abundance is derived . 

STABLE ISOTOPES : Garner et al . ( 19 7 5 )  reported Li , K ,  and Rb 
isotopic determinations ; they could not distinguish whether their 
samples were brecc i a ,  glass , or a mixture . They found the sample 
to be depleted in 39K ,  the first rock so found . Reed et al . 
( 19 7 7 )  reported 204pb da·t:a . 

RADIOGENIC ISOTOPES : S ilver ( 1 97 3 )  reported Pb isotopic data and 
found that bulk rockL matrix , and glass are all s imilar . and 
similar to local soil s .  Schaeffer and Schaeffer ( 1977 ) found 
that Ar gas release gave l ittle information , with increases and 
decreases with temperature increase , ranging from 3 . 3 3 to 6 . 8 3 
b . y .  The total K-Ar 11 age11 is 5 . 18 ± 0 . 05 b . y .  The sample has a 
large trapped Ar component . 

Rosholt ( 19 7 5 )  and Rosholt and Tatsumoto ( 19 7 3 ) reported Th 
isotopic data in a discussion of  the sources of the radioactivity 
in the sample . 

EXPOSURE AND TRACKS : Rancitelli  et al . ( 19 7 2 )  reported 
/-- cosmogenic radionucl ide data : 26Al i s  extremely undersaturated , 

indicating exposure for only a few hundred thousand years . The 
Ar data of  Schaeffer and Schaeffer ( 19 7 7 )  give an exposure of  6 0 4  
m . y .  averaged over the entire release , but the range is 1 to 3 8 0 0  
m . y .  Ar i s  too complexly distributed for meaningful interpre
tations . 

Fleischer et al . ( 19 7 3 )  found a minimum track density in pyroxene 
of 2 x 1 06 cm-2 , at 1 .  5 mm depth , indicating an exposure of  
< 6 0 0 , 0 0 0  yrs . According to Crozaz et al . ( 19 7 4 ) the exposure is 
multistage . 

PROCESSING AND SUBDIVISIONS : A slab was cut from 15505 and 
substantially dissected ( Fig . 4 ) . End piece , 3  ( 9 2 . 4  g )  i s  in 
remote storage , and , o  has a mass of 8 62 . 1  g .  Thin sections were 
made from a chip , 4 2 which was taken from exterior p ieces , 11 (TS 
, 4 8 ;  , 5 3 ;  , 54 ;  , 55 ;  , 5 6 ;  , 57 ) , except for TS , 68 ( from , 7 )  and 
, 8 o ( from , 7 8 )  . 
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1 5 50 5  

'"1 
s 

100 

I 

' .J I 
* , 29 - Laul and Schmi tt  ( 1 973); I NAA * , 91 - Korotev ( 1 984, unpubl i shed) 

j * Gd va lue calculated. 

1 
'r--------r--o-1 ��-,--,-----, 

La Ce Pr Nd 

Rare Earth Element 

LEGEND: SPECIFIC � , 29 t-H , 91 

Figure 3 .  Rare earths in matrix . 
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Figure 4 .  Main spl itting of  15505 . 
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1 5 506 

15506  REGOLITH BRECCIA . GLASS-COATED ST . 9 2 2 . 9  q 

INTRODUCTION : 1 5 5 0 6  is a moderately friable regol ith breccia 
with some surface glass coating ( Fig . 1 ) . The breccia itself is 
medium dark gray and subangular , and contains small fragments of 
l ithic and mineral material . The glass i s  olive black and partly 
dust-covered . A few zap pits are present on some surfaces .  
15506  i s  probably a p iece broken off 15505 (with 1 5 5 08 ) , which 
was col lected about half way out from the rim of  the 15 m crater 
at Station 9 ,  on its ej ecta blanket which is about 2 5  m across .  
15506  has never been subdivided or allocated . 

Figure 1 :  Sample 1550 6 . S-7 1-4 4 5 2 8  
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15507 GLAS S ,  VESICULAR ELLIPSOID ST . 9 

15507 

3 . 9  g 

INTRODUCTION : 15507 consists of three fragments which combine to 
form an egg-shaped object ( Fig. 1 ) . The fragments are olivine 
brown to grayish brown glass , which has 4 0  to 50% vesiculas up to 
1 mm across . The glass is tough . Some surfaces have adhering 
dust . The fragment appears to have been broken prior to 
collection because an interior vesicle l ining has a zap pit . The 
glass contains a few soil clasts and metallic swirls . The sample 
was collected near to 155 0 5 , which was collected about hal fway 
out from the rim of the 15 m crater at Station 9 ,  on its ej ecta 
blanket which is about 2 5  m across . 15507 was recognized by the 
astronauts as a glassy ball distinct from most nearby fragments .  
It has not been recognized on photographs . It has never been 
subdivided or allocated . 

Figure 1 :  Sample 15507 . S-71-4 4 5 2 1  
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1 5 50 8  

1 5 5 0 8  REGOLITH BRECCIA. GLASS-COATED ST . 9 1 . 4  q 

INTRODUCTION : 15508  is a small coherent regolith breccia 
fragment with a substantial vesicular glass coating ( Fig . 1 ) . 
The breccia is medium gray and irregular in shape . The glass is 
black and its vesicles are up to 2 mm across . Zap pits are 
absent from most of the surface . 15508  i s  probably a piece 
broken off 15505 ( with 15506 ) , which was col lected about halfway 
out from the rim of  the 15 m crater at station 9 ,  on its ej ecta 
blanket which is about 2 5  m across . 15508  has never been 
subdivided or allocated . 

Figure 1 :  Sample 1 5 5 0 8 . S-7 1- 4 4 8 0 8  
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15515 

15515  REGOLITH CLODS ST . 9 1 4 4 . 7  g 

INTRODUCTION : 15515  consists of 4 8  extremely friable clods which 
were the greater-than-1 em fraction of two clods which were 
individual ly col lected but disintegrated . The samples are caked 
cl ods which " look l ike a piece of  mud" . They cons ist of porous , 
glassy , non-annealed regol ith components , including glass , 
mineral , and mare basaltic fragments . Most have disintegrated to 
fines . The bulk chemistry is  very s imil iar to that of the local 
rego l ith .  

15515 and its fines ( 15 5 1 0  and 1 5 5 14 ) were collected a s  two clods 
from the northwest rim crest of the 15 m ,  cloddy crater at 
station 9 .  The clods appeared to be typical of l ocal material . 

PETROLOGY : The clods consist of  glassy , fine-grained , non
annealed breccia with predominantly mare basalt clasts . They 
also contain varied glass and mineral fragments . Only , 18 was 
made into grain s i z e  fractions and thin sections . A mode from 
PET ( Lunar Sample Information Catalog Apollo 1 5 ,  1 9 7 2 )  is given 
as Table 1 .  Reed et al . ( 19 7 7 ) found a clod to contain 0 . 5 7 %  
metal iron ( chemical methods ) .  Tsay et al . ( 19 7 6 )  used electron 
spin resonance techniques to determine a total Fe-metal content 
of 0 . 6 2 wt % .  The weight % ( SP+SD)  Fe0 was 0 . 3 9 .  
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15515 

TABLE 15515-1 . Petrographic components of 15515 ( Lunar sample 
Information Catalog Apollo 15 , 1 9 7 2 )  

PERCENT OF GRAINS 
0 . 5- 0 . 25- 0 . 125-

QO!:!EONENTS � l . Onnn 0 .  2nun 0 . 22nun 

Agglutinate l 22 3 3 . 5  53 
Clinopyroxene 2 20.0 19. 5  
Plagioclase 3 2 . 5  5 . 0  
Glass spheres ,  green 4 27. 5  6 . 5  4 . 5  
Glass spheres ,  colorless 5 3 . 5  3 . 0  
Basalt, ophitic 6 10 . 5  3 . 5  
Basalt, hyalocrystalline 7 ll 6.0  2 . 5  
Microbreccia, vitric 8 ll 5 . 0  4 - 0  
Microbreccia, recrystallized 9 5 . 5  5 . 0  1 . 5  
Glass frags , brown 10 5 . 5  3 . 0  1 . 5  
Basalt, equigranular ll ll 2 . 0  1 . 0  
Anortho ite 12 1 . 0  
Glass droplets 13 5 . 5  2 . 0  
Grains counted 18 200 200 
Section number 58,63 ,64 75,62 56,61 

NOTES TO TABLE : 

l .  Glass and mineral (feldspar, pyroxene ) detritus bound together in 
welded droplets of very dark brown to black glass . 

2 .  Colorless,  broken, anhedral to subhedral crystals of augite. Same 
are z oned from pigeonite to augite . The pigeonite has a very pale 
brown color . Also there are some unzoned pigeonite. 

3 .  Fractured and shocked . 
4. Clear and free of detritus or schlieren; some are devitrified . 
5 .  Devitrified ; sheaves of thin feldspar crystals . 
6. Clinopyroxene > plagioclase > opaques .  Some grains have feldspar 

with parallel orientations . 
7 .  Feldspar cloths and opaque minerals in a clear brown glassy matrix. 
8.  About 50% small clinopyroxene crystals in a clear brown glass matrix. 
9. Detritus in a finely crystalline feld spar matrix. 

10 . Angular, 5-8% debris in clear brown glass with some schlieren. 
11. Equigranular basalt - clinopyroxene > feldspar > opaques .  
12. Equigranular, 5% pyroxene , 95% feld spar . 
13.  Spheres both vesiculated and non-vesiculated contain up t o  20% 

detritus . 
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155 15 

of different clod p ieces CHEMISTRY : Chemical analyses 
( des ignated by split numbers ) 
earths are shown in Figure 1 .  
s imilar to one another and to 

are given in Table 2 and the rare 
The clod pieces all seem to be 

local regolith in all respects . 

Jovanovic and Reed ( 19 7 5 )  l isted leached and residue data for Cl 
and Br separately , and noted that the leach Cl/Br ratio was 
different from that of nearby materials 15501  and 1550 5 . Reed et 
al . ( 19 7 7 )  tabulated s eparate leach and residue data for 204pb ,  
Bi , T e ,  and zn . 

5 

e 

I 

100-

-�--- ------- -

La Ce Pr Nd 

* ,35(A) 
* , 35(8) 
* ,39 

· Laul and Schmi t t  ( 1 973) ;  I NAA 
· Laul and Schmitt ( 1 973 ) ;  INAA 
· Wanke et a l .  ( 1977); XRF, I NAA, RNAA and 

others 

* Gd value calculated. 

Rare Earth Element 

LEGEND: SPECIFIC � , 35 (A) *-·H , 35 (8) /r-Id , 39 

Figure 1 .  Rare earths in 15515 . 
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Wt % Si02 
Ti02 
Al203 
FeO 
M30 
cao 
Na20 
!OJ 
P205 

(ppn) Sc 
v 
Cr 

� 

Co 
Ni 
Ro 
Sr 
y 
Zr 
Nb 
Hf 
Ba 

'lh 

u 

fb 

I.a 

Ce 

Pr 

N:i 

Ily 
fb 
Er 
'lln 
Yb 
Lu 
Li 
Be 
B 
c 
N 
s 
F 
Cl 
Br 
0.1 
Zn 

ppb I 
At 
Ga 
Ge 
As 
Se 
Mo 
Tc 
Ru 
Rh 

TABLE 15515-2. ChEmical analyses of 15515 clods 
, 9 , 35 

1140 

270 

1 . 9  
12.4 
17.4 

12 
10.0 

0. 369 
0.14 

32 
149 

3110 
1670 

48 

630(a) 

6 .4  
220 
3.0 
0. 7 

20 
52 

9. 1 
1 . 3  

1 .9  
11 

6.9 
0.98 

, 35 

1 . 7  
12.2  
17. 0 

11 
1o.9 

0. 364 
0. 14 

32 
150 2980 1680 48 

470(a) 

6.9 
180 
4 . 1  
0.9 

19 
50 

9. 1 
1 . 3  

1 . 9  
16 

6.8 
0.98 

, 39 
. 1  

11 .7  
17 .0  
10.8 
10.4 

0. 381 
0. 167 
0. 199 

35. 3  

3260 
1775 
49.4 

230 

114 
76 

306 
23 

7.50 
200 
3. 2 

20. 5 
54. 2 

8.80 
1 . 1 5  

2 . 14 
12.8 

7. 28 
0. 98 

530 

, 15 

0 . 19 

0.61 

17(b) 

17. 2 
0. 179 

2300 

, 15 

11.77 

, 23 

110 
98 

750 

, 97( .4) 

3. 49 
0.85 
1 . 99 

, 13 

3. 619 
0. 974 

Ag���----�6�·�5--------------------------------------------------- i 
���--------------------------------------------] ��Re�----,.n----l-2_oo ______ looo _______ 

9
_
2
_
o 

_________________________________ j 
o. 59 o; 

Os 5.8  
Ir 5 . 7  
Pt 
hJ 
H3 
Tl 
Bi 

2.4  

1 .4  
0.61 

(1) (2) (2) (30 

0.61 

(4) (5) (6) (7) (B) 
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15515 

STABLE ISOTOPES : Reed .et al . ( 197 7 )  tabulated data for res idue 
and leach 204Pb . Garner et al . ( 19 7 5 )  reported Li and K isotopic 
data (Table 3 ) , finding values similar to 155 1 1 ,  the fines from 
the same sample . 

TABLE 15515-3 . Isotopic analyses (Garner et al . ,  1 9 7 5 )  

6Lij7Li sample 
6Li/7Li std . ( a )  39Kj41K 41Kj4DK 

l .  0 0 7  1 3 . 7 4 3  5 7 3 . 6  

( a )  standard = NBS reference standard 9A . 

RADIOGENIC ISOTOPES : S i lver ( 19 7 2 ) reported Pb isotopic data for 
clod , 4  ( Table 4 ) . The isotopes are s lightly discordant and 
within the region occupied by the upper part of  the ALSEP drill  
core samp l e ,  with higher 207Pbj285U and higher 206pbj238U than 
mare basalts . Rosholt and Tatsumoto ( 19 7 3 )  and Rosholt ( 19 7 4 ) 
reported a 232Thj230Th ratio sl ightly less than expected from the 
232Thj238U ratio ( expected ratio/measured ratio = l .  0 2 )  , but much 
closer to the expected than are the mare basalts . Garner et al . 
( 19 7 5 )  determined a 85Rbj87Rb ratio of 2 .  5 9 1 4 . 

PROCESSING AND SUBDIVIS IONS : Clods were originally individually 
numbered from , 1  to , 4 8 ;  several became l argely fines on sample 
handling . , a  was used for thin sections and for grain-size 
separates . Most clod pieces have not been allocated . 

TABLE 15 !515-4 . Pb isotopic data ( S ilver , 19 7 2 )  

�Pb ppm 206pbj204pb 207pbj204pb 208pbj204pb 

l .  9 9  3 14 . 3  1 9 3 . 7  3 13 . 6  
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1 5528 

15528  REGOLITH BRECCIA ST . 9A 4 . 7  g 

INTRODUCTION: 1 5 5 2 8  is a friable regolith breccia with a compo
s ition apparently quite different from local regol ith . It is 
brownish gray and subrounded ( Fig . 1)  and has a smooth surface 
with few to no zap pits . 15528  was collected approximately 6 0  m 
northeast of  the rim of  Hadley Rille , near 1552 9 , but it has not 
been identified on photographs . 

Figure 1 .  Macroscopic , pre-chip view of 1552 8 . S-7 1-4 3 64 7  
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1 5 528 

PETROLOGY : 1552 8  is  a friable regolith breccia containing a few 
prominent basalt clasts ( Figs . 1 ,  2 ) . The large basaltic frag
ment in Figure 2 appears to be a KREEP basalt . D iverse glass and 
mineral fragments are common . McKay et al . ( 19 8 4 )  measured an 
r.;FeO of 16-25 ( 2 1  in Korotev , 1 9 8 4 , unpublished) , an immature 
index . 

F igure 2 .  Photomicrograph of 15528 , 4 .  Width about 3 mm . 
Transmitted light. 
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15528 

CHEMISTRY : A bulk analys is of  a smal l  ( 4 5  mg) sample was made by 
Korotev ( 19 8 4 , unpubl ished) (Table 1 ,  Fig . 3 ) . The composition 
is unl ike local regol ith or any other regolith at the Apollo 15 
s ite , being very high in incompatible elements . It appears to be 
rich in an Apollo 15 KREEP basalt component . E ither the analyzed 
sample was unrepresentative or the sample is exotic , at least to 
station 9A . 

La Ce Pr Nd 

* ,7  - Korotev ( 1984, unpubl i shed); I NAA 

* Gd value calculated. 

Rare Earth Element 

LEGEND: SPECIFIC � , 7 

Figure 3 .  Rare earths in 1552 8 , 7  (bulk rock). 

PROCESS ING AND SUBDIVISIONS : Chipping �roduc�d , 1 � f �om wnlcn 
l 

thin sections 5 and , 6  were made . Durlng thlS chlpplng , 
.
s�v�ra 

other chips we�e produced . These appear to have partly
l
�lSln e-

rated in storage . , 7  was picked from one �f these sma 

iragments in 1 9 8 4  for petrographic and chemlcal study . 
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,� 
TABLE 15528-1 . B.llk roc]< 
chemical analysis 

,7 
Wt% Si02 

Ti02 2.03 
Al203 13.8 
FeO 13.0 
�0 9 .3  
CaO 10. 1 
Na20 0.62 
K20 
P205 

lHiii! Sc 26.4 
v 78 
Cr 2410 
l>tl 1375 co 29.0 Ni 75 R> Sr 130 y Zr 740 Nb Hf 19. 3 
Ba 521 
'Ih 8.7 u 2 .3  
Ib 
La 51. 2  
Ce 134 
Pr 
Nl. 76 
Sn 23.0 
Ell 1 . 95 Qi 
1b 4.52 
1:¥ !b References arrl methods: 
Er 
Th\ ( 1 )  Ko>rotev ( 1984, 
Yb 16. 1  unpublished) ' INAA 
Ill 2. 20 
Li 
Be 
B 
c 
N 
s 
F 
C1 
Br 
cu 
Zn 

1WbT I 
At 
Ga 
Ge 
As 
se 
M:l 
Tc 
Ru 
!1h 
ltl 

Qj 
In 
Sn 
Sb 
Te 
Cs 480 
'Ia 2170 
w 
Fe 
Os 
Ir <3 
Pt 
Au <5 

,� a, 
Tl 
Bi 

1 
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1 5529 

15529  MEDIUM-GRAINED OLIVINE-NORMATIVE ( ? )  ST . 9 15 3 1 . 0  g 
BASALT 

INTRODUCTION : 1 5 5 2 9  is a very vesicular basalt with an appear
ance s imilar to ol ivine-normative basalts 15016  and 1555 6 . The 
sample i s  l ight ol ive gray , rounded , tough , and very ves icular 
( Fig . 1 ) . It had a 3-cm high fillet ,  but has no zap pits . 

15529  was collected about 6 0  m northeast of  the rim of Hadley 
Ril l e ,  in an area in which rock fragments with sizes up to 2 0  em 
are fairly abundant . 

Figure 1 .  Sample 1552 9 . 

864 



1 5 5 2 9  

PETROLOGY : Macroscopically the sample is equigranular with 
conspicuous glass-l ined vesicles lacking any preferred orien
tation ( Fig . 1 ) . In the absence of any thin section s ,  the only 
publ ished study is that of Garvin et al . ( 19 8 2 )  who studied 
ves icle size distributions . Vesicle diameters average 2 . 4  mm . 
calculations indicate that the s izes and distribution of  ves icles 
is consistent with a magma having 8 0  to 4 0 0  ppm dissolved co 
ascending at 0 . 2 0 mjsec . Thi s  calculated amount depends not only 
on the ascent rate but also , to a lesser extent , on viscos ity . 

PROCESS ING AND SUBDIVISIONS : Only a few chips have been removed , 
leaving , 0  at 1509 . 4  g .  One split was allocated for chemical 
analysis . 
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15535 

155 3 5  FINE-GRAINED OLIVINE-NORMATIVE ST . 9A 4 04 . 4  g 
MARE BASALT 

INTRODUCTION : 1 5 5 3 5  is a f ine-grained , ol ivine-bearing mare 
basalt ( Fig . 1 )  in which f ine-grained pyroxenes are enclosed in 
poikil itic plagioclases and o l ivine phenocrysts are scattered . 
It is f iner-grained than 1 5 5 3 6 ,  chipped from the same boulder . 
Chemically it is an average member o f  the Apollo 1 5  olivine
normative mare basalt group . The samp l e  is medium dark to 
brownish to ol ive gray , and is tough , slabby , and subangular to 
angular . Its surface is irregular and somewhat hackly , with zap 
p its irregularly distributed . It has 3 to 5% vugs , into which 
crystal s  proj ect . 

155 3 5  was chipped with 1553 6 from a 0 . 7 5 m boulder about 2 0 m 
east of the rim of Hadley Ril l e ,  from the north rim of a 
moderately fresh , blocky , 3 m diameter young crater .  The 
boulders are probably bedrock excavated by the impact event . The 
orientation of 155 3 5  was documented . 

Figure 1 .  Pre-sp l it view of 15 5 3 5 . The top surface is that 
broken from the parent boulder . S-7 1-4 6 8 5 0  
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1 5 53 5  

PETROLOGY : 155 3 5  is a plagioclase-poikil itic mare basalt with 
scattered olivine phenocrysts ( Fig . 2 ) . The mass o f  the rock 
cons ists o f  clustered , granular clinopyroxenes and some ol ivines 
a few hundred microns across . The poiki l itic plagioclases are up 
to 3 mm across , and the scattered , corroded, olivine phenocrysts 
are rarely as l arge as 2 mm . The opaques cluster with the mafic 
clusters , and are dominantly ulvospinel and some late-stage 
i lmenite . Chromite is rare . Cristobal ites up to about 2 0 0  
microns , fayalite , troil ite , rare Fe-metal and residual glass 
are present . Many ol ivi:nes and pyroxenes are optically z oned , 
and feldspars have curved twin planes . 2 -mm sized vugs are 
scattered . Two published modes are l isted in Tabl e  1 and are 
reasonably consistent . 

Figure 2 .  

Fig. 2a 

Fig. 2b 

Photomicrographs o f  1 5 5 3 5 , 9  showing clustering of 
smal l ,  granular mafic grains and opaque minerals ; 
poikil itic plagioclases ; and a sma l l  ol ivine 
phenocryst ( left center) . Width about 3 mm . a )  
transmitted l ight ; b )  crossed polariz ers . 
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1 55 3 5  

TABLE 1 5 5 3 5 - 1 . Modes of 155 3 5  

Phase % % 
Ol 1 0  1 0  
Cpx 5 3  6 0  
Plag 3 2  2 5  
Ulvo 2 
I lm 1 4 
Troil < 0 . 1  
Fe-Ni < 0 . 1  
Crist 0 . 5  
Glass 1 < 1  
Z ircon 

( 1 )  ( 2 )  

( 1 )  Lunar Sample Information 
Catalog Apo l l o  15 ( 19 7 1 )  

( 2 )  Juan et a l . ( 19 7 2 a )  
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1 5 5 3 5  

Juan e t  al . ( 19 7 2 a )  noted that the clinopyroxene was commonly 
twinned with ( 1 0 0 )  as the twin plane , and was z oned from a 
pigeonite core to a subcalcic augite rim . Fernandez -Maran et a l . 
( 1� 7 3 )  studied 1 6  l!lg of z one� sma l l  grains �En50±10Wo15.6±6.5 ) 

us 1ng electron opt1ca1 ·technlques . The gra1ns were crushed and 
impurities removed . E lectron micrographs showed exsolution 
l amellae in 2 0% o f  the grains . Dense bands were 2 5-555  l wide 
( av .  2 5 0  1) , the interbands were 5 0 -9 0 0  � wide ( av .  3 3 0  l) . 

Virgo ( 19 7 3 a )  used the same pyroxenes for x-ray diffraction and 
Mossbauer studies . The pigeonite cores (Ti/Al about 1/ 4 )  zoned 
towards Ca , Fe-rich rims ( Ti/Al< 1/ 2 ) ,  and the ir patterns showed 
deviat ions from Lorentz ian l ine-slopes and broader l ine widths 
cons istent with their chemical heterogeneity . The Mossbauer 
study showed a high degree of disorder of the Fe2+-Mg distri
butions ; the interpreta·tion is difficult because · of the chemical 
heterogeneity and the mixture of structural states . 

Juan et a l . ( 19 7 2 a )  reported that the o l ivines had a compos ition 
of Fo76 , ( and that some had inclus ions of cl inopyroxene and 
i lmenite )  and that plagioclases are An83 • They attributed 
fracture , wavy extinction , and bent twin l amellae for plagio
clases to a shock event .. They interpreted the crystal l ization 
sequence as cpx-->ol-->plag . 

Haggerty ( 19 7 2 a , c , d) reported spinel compos itional data ( Fig . 3 ) . 
The data display a typical bimodal ulvospinel-rich and a 

.� chromite-rich d i stribution , but there are also a few spinels of 
intermediate composition . Engelhardt ( 19 7 9 )  tabulated 1 5 5 3 5  as 
showing i lmenite crystal l i z ation as starting with plagioclase 
crystal l i z ation , and ending before the end of pyroxene 
crystal l i z ation . 

Muan et a l . ( 19 7 4 ) reported that they had conducted equilibrium 
l iquid-solid experiment:; ( Fe-metal equilibria) on a represent
ative powder of 155 3 5 ,  but apart from its having ol ivine or 
spinel on the l iquidus , gave no specific data . 

8 

: = ] lA9 BOMIIT1 

: == � SM  

Figure 3 .  Compositions o f  spinel group mineral s  in 15 5 3 5  ( open 
triangle s )  and other Apol l o  15 samples ( Haggerty , 
1 9 7 2 c ) . 
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TABLE 15535-2 o Bulk rcx:"k chemical analyses 

, 2  , 4  , 6  , 5  , 32 
Wt %  S�02 45o50 44o73 45o 3  44o46 

Ti02 2 o 51 2o83 2o 15 2o 19 
Al203 9o 70 9 o 55 8 o 37 8o68 
FeO 21.70 22o15 22o 9 23o 80  
M:jO 10o34 10o34 11.2  11.27 cao 9o30 8o92 9 o68 9 o 20 
Na20 Oo 195 Oo 195 Oo 267 Oo28 
K2J Oo041 Oo046 Oo044 Oo04 
P205 Oo06 

1R::rn Sc 
v 140 
Cc 4120 3910 3900/4800 
� 2250 2210 2190 2560 
Q:> 7 59 52 
Ni 92 76 46 70 
JJb 3o 8 3 o 8  < 5  
Sr 201 184 87 83 y 42 
Zr 85 
Nb Hf 
Ba 45 38 'lh 
u 

lb <2 
La 3 o 49 
Ce 9o 7 
Pr 

N:l 6o7 
Sn 2o60 
Ell Oo69 
Gd 3o6  'lb Oo59 
Df 4o 0 
tb Oo73 Er 
'lln 
Yb 1 . 69 
ill Oo236 Li B 7 7 
Be 
B 
c 
N 
s 
F 
Cl 
Br 
lli 3 7 8 
Zn 12 17 

\pfb I 
At 
Ga <10, 000 <10, 000 3000 
Ge As 
Se 
M:J 
Tc 

Ru 

Rh 
ru 

32 26 
Cd 
In Sn 
Sb 
Te 
Cs 
Ta 
w 
Re 
Os 
Ir 
Pt Au 4 2 
H<J T1 Bi 

(1) (1) (2) (3) (4) 
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1 5 5 3 5  

CHEMI STRY : Chemical analyses are l i sted in Table 2 and the rare 
earths shown in Figure 4 .  The data are fairly consistent except 
for Ti02 (whose variation is probably a reflection of the 
loca l i z ed distribution of ulvospinel and i lmenite) and show 1 55 3 5  
to b e  an average member o f  the Apol l o  1 5  ol ivine-normative basalt 
suite . However , the rare earths are sl ightly l ower than is 
typica l , again probably a sampl ing problem .  Mason et al . ( 19 7 2 )  
suggested caution because o f  the small sample sizes used . 

s 

m 

100� 
' 

r 10-�-

La Ce Pr Na 

, 5  

Rare Earth Element 

LEGEND: SPECIFIC � , 5 

Figure 4 .  Rare earths in 1 5 5 3 5. 
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EXPOSURE . TRACKS , AND RARE GAS : Rancitel l i  et al . ( 19 7 2 ) 
tabulated disintegration count data for cosmogenic radionucl ides , 
and stated that 26Al was saturated , indicating a l ong exposure in 
comparison with the 26Al hal f-l ife . However , Yokoymama et al . 
( 19 7 4 ) found the Rancitel l i  et al . ( 19 7 2 )  data to indicate that 
the 26Al was not saturated ( 22Na-26Al method) . 

Bhandari et al . ( 19 7 2 , 197 3 )  diagrammed track density with depth 
( Fig . 5 )  showing a very shallow slope . The track density was 5 x 
1 06jcm2 . They tabulated a " sun-tan" exposure age o f  less than 1 
m . y .  and a " subdecimeter'' exposure age of 1 0  m . y .  ( 19 7 3  report ) 
or less than 1 0  m . y .  ( 19 7 2  report ) . 

Figure 5 .  
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Track dens ity profile for 155 3 5  and other Apo l l o  1 5  
rocks ( Bhandari et al . ,  197 5 ) . 
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PHYS ICAL PROPERTIES : Banerj ee et al . ( 19 7 2 ) and Hoffmann and 
Banerj ee ( 19 7 5 )  measured the natural remanent magnetization of 
1 5 5 3 5 ,  in particular alternating field demagnetization . The 
sample showed extreme " z ig-z ag" behaviour , i . e . , changes o f  
intensity and direction ( Fig . 6 ) . The behaviour is characterized 
by nonreproducible remanent magnetization values upon demagnet
ization at a given peak AF . The direction i s  roughly confined in 
a plane . The behaviour is attributed to the presence of a few , 
planar , multidomain grains representing a local mineral fabric . 
These " super-grains" do not demagneti z e ,  and i f  present in any 
given sample could easily render any paleointensity determination 
of l ittle value . Hof fmann and Banerj ee ( 19 7 5 )  also conducted 
experiments of viscous acquisition and decay on their sample,  
with results consistent with the " super-grains " respons ibl e  for 
the z ig-zag NRM behaviour . 

Figure 6 .  
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a )  AF-demagnetization curve of NRM for 155 3 5 , 2 8 ;  b )  
stereographic proj ection of NRM directions after 
stepwise demagnetization of the indicated peak AF 
values . Solid and open circles refer to the uppe� and 
lower hemispheres respectively (Hoffman and BanerJ ee , 
197 5 ) . 
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PROCESSING AND SUBDIVIS IONS : A chip was removed from the sample 
( , 1 ) and subdivided to produce , 2  to , 8  ( total about 8 g) . , 3  

was made into a potted butt and produced all  the thin s ections 
from 1 55 3 5 ,  i . e . , , 9  and , 11 to , 15 .  Subsequently the sample was 
sawn to make a s lab which was dissected ( F ig .  7 ) . Most allo
cations were made from those pieces . About 10 g o f  the slab 
p iece was homogeni z ed as a fine material ( , 3 4 and daughters ) and 
part of it allocated for experimental studies . , o  i s  now 2 3 0 . 0  g ,  
and end piece , 18 ( 6 1 . 2 8  g )  i s  in remote storage in Brooks . 

Figure 7 .  Basic spl itting o f  1 5 53 5 .  
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1 5 5 3 6  

15 5 3 6  MEDIUM-GRAINED OLIVINE-NORMATIVE ST . 9A 3 17 . 2  g 
MARE BASALT 

INTRODUCTION : 155 3 6  is a medium-grained , ol ivine-bearing mare 
basalt ( Fig . 1 )  in which small pyroxenes are enclosed in 
poikilitic plagioclases and olivine phenocrysts are common . The 
mafic grains show clear Glustering , macroscopically observed as 
pyroxene-rich and plagioclase-rich narrow bands ( Fig . 1) . The 
sample is coarser-grained than 1553 5 ,  chipped from the same 
boulder . Chemically it is an average member of the Apollo 15 
olivine-normative mare basalt group . The sample is l ight olive 
gray , and is tough , slabby , and angular to subangular . The 
non-broken surface had a l ight soil cover and a few zap pits . 
Small vugs occupy about !5 % of the sample . 

1553 6 was chipped with 1 5 5 3 5  from a 0 . 7 5 m boulder about 2 0  m 
east of the rim of Hadley Ril l e ,  from the north rim of  a 
moderately fresh , blocky ,. 3 m-diameter young crater . The 
boulders are probably bedrock excavated by the crater-forming 
impact event . The orientation of 1 5 5 3 6  was documented . 

Figure 1 .  Broken face of 15 5 3 6 , pre-chipping . S-7 1-4 7 2 7 7  
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PETROLOGY : 1 5 5 3 6  is a plagioclase-poikil itic mare basalt with 
olivine phenocrysts ( Fig . 2 ) . It is s imilar to 1 5 5 3 5  except that 
the olivines and pyroxenes are l arger and there is a distinct 
tendency for pyroxene-rich bands and plagioclase-rich bands to 
segregate .  Some areas are quite densely packed with pyroxene 
( and some olivine ) and with l ittle plagioclase . These mafic-rich 
z ones contain ol ivine ( including " sieved" fayal ite ) , conspicuous 
cristobalite , troil ite , and opaque minerals . Chromite is not as 
common as ulvospinel and most is in olivine phenocrysts , which 
are zoned and up to 2 mm across . The ol ivine phenocrysts 
commonly contain sil icate inclusions . I lmenite is a late-stage 
mineral with faya l ite . The pyroxenes are granular, zoned , and 
many are twinned . The plagioclase-rich areas contain poikil itic 
plagioclase 1 to 2 mm across enclosing granular pyroxenes and 
some ol ivines , but only rarely opaque minerals ,  cristobal ite , or 

ite . 

Fig. 2a 

Fig. 2b 

Figure 2 .  Photomicrographs of 1 5 53 6 , 7 ,  showing ol 
phenocryst , plagioclase-poikil itic area (right , 
lower) , and mafic-cluster area ( top , left) . Widths 
about 3 mm . a )  Transmitted l ight ; b) crossed 
polarizers . 
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Very l ittle has been published on 1 55 3 6 .  Brown et al . ( 19 7 2 a )  
noted it a s  being an olivine-normative mare basalt ( PET Type I I I )  
with a fine grain s i z e ,  granular texture , and the mineral 
chemical characteristics of that basalt type , but gave no 
speci fic data . Taylor and McCall ister ( 19 7 2 a , b )  and Taylor et 
al . ( 19 7 3 )  studied the partitioning of Z r  between ilmenite and 
ulvosp inel ( Fig . 3 ) . 'I'he ratios suggest a quenching-in at high 
temperatures ( about 1 2 2 5°C or more) , from a comparison with 
experimental data . The cool ing rate was fast enough that 
ulvospinel was not reduced to Fe-metal and i lmenite . Taylor et 
al . ( 1972b)  and Taylor et al . ( 197 3 )  measured the chromium 
content of Fe-metal in various associations ( Fig . 4 ) . 155 3 6  was 
the only sample of those studied which showed a correlation of 
the Cr in metal with its association : metal in association with 
chromite had higher Cr . Experiments in the temperature range 
8 0 0 - 1 0 0 0°C of Fe-metal and chromite coexistence showed the metal 

Figure 3 .  

= 

O.!IS 0.15 OJII 
Pe r Cent Z r  in U lvos p ine l  

Z irconium contents of coexisting ilmenite and 
ulvospinel in 1553 6 , 9  and other Apollo 15 samples 
( Taylor et �1 . ,  197 3 ) . 

8 7 7  



1 55 3 6  

t o  have 2 . 5  ± 0 . 3 % cr , higher than the natural samples (the 
amount depends perhaps also on the Ni content of metal and the Cr 
activity of the chromite ) .  There is not sufficient chromium
content dependency for the cr-in-metal to be used as a 
geothermometer ; there is perhaps also an f02 dependency . 

CHEMISTRY : Rhodes and Blanchard ( 19 8 3 ) reported that they had 
made an analysis of 1 5 5 3 6  for maj or and trace elements ( XRF , 
INAA) . This analysis was s imilar to those of  1 5 5 2 9  and 15598 and 
showed the sample to be an Apollo 1 5  olivine-normative mare 
basalt . 

PROCESSING AND SUBDIVI SIONS : Chips , 1  and , 2  were taken from the 
E-N end . , 1  was partly used for thin sections , 5  and , 7  to , 9 .  
, 2  was used for chemical analyses . In 1982 , further chipping 
from the E-N end produced several chips , including the 2 g piece 
used by Rhodes and Blanchard ( 19 8 3 ) . , o  is now 2 9 3 . 7 9 g .  

Figure 4 .  
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10 

cr and Ni contents of  metal grains in 1 55 3 6 , 9  ( Taylor 
et al . ,  197 3 ) . 
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15537 .  MEDIUM-GRAINED OLIVINE-NORMATIVE S T .  9A 1 . 9 0 q 
MARE BASALT 

INTRODUCTION : 15537  is a medium-grained ol ivine-bearing basalt . 
It is  neither plagioclase-poikilitic nor ol ivine-phyric . It is  a 
medium dark to brownish gray , angular , blocky , coherent , and 
vesicular fragment . The pyroxenes are brown , the ol ivines are 
yellow green . The vesicles are about 10% of the rock and average 
about 1 mm but some are as big as 3 mm .  Zap pits are absent from 
one fresh face . 

1 5 5 3 7  was collected from the north rim of  a moderately fresh , 
blocky 3 m-diameter young crater , about 2 0  m east of  the rim of 
Hadley Rille . It has not been identified on photographs . 

Figure 1 .  Pre-chip view of  1 55 3 7 . S-71-44 5 2 3  

8 7 9  
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PETROLOGY : 1 5 5 3 7  is a medium-grained , ol ivine-bearing mare 
basalt ( Fig . 2 ) . The dominant phase is pyroxene , which occurs in 
grains up to 2 mm long . The ol ivines are not phenocrysts , most 
being less than 4 0 0  microns across and embedded in larger 
pyroxenes ( Fig . 2 c ) . The ol ivines are corroded , and several are 
poly�onal aggregates .  Some have sil icate liquid inclusions . The 
plag1oclases form laths , and are not poikilitic ; most are less 
than 1 mm long . Chromite , ulvospinel , and ilmenite are present , 
but chromite is rare . Minor amounts of residual phases (glass , 
phosphate , troilite , fayalite) are present , but only one small 
grain of cristobalite is present in the thin section . 

PROCESSING AND SUBDIVIS IONS : A small chip , 1  was removed , and 
partly used to make thin section , 4 .  ,o ( 1 . 5 3 g) consists of one 
main chip , a small piece , and fines . 

Fig. 2b 

8 8 0  
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Fig. 2c 

Figure 2 .  Photomicrographs of 155 3 7 , 4 .  a )  transmitted l ight ; b)  
and c)  crossed polarizers . a)  and b )  general view , 
showing mafic nature and lathy plagioclases . Width 
about 3 mm .  c )  olivines ( dark) embedded in pyroxene 
(white ) . Width about 7 5 0  microns . 
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155 3 8  MEDIUM-GRAINED OLIVINE-NORMATIVE ST . 9A 2 . 6 0 g 
MARE BASALT 

INTRODUCTION : 1 5 5 3 8  is  a medium-grained ol ivine-bearing basalt 
with a texture and grain-size very s imilar to 155 3 6 , i . e . , 
plagioclase-poikil itic and ol ivine-phyric . The sample is l ight 
or medium-gray , blocky , angular,  and tough , with p lagioclase-rich 
and pyroxene-rich bands l ike 1553 6 .  Only one side has zap p its , 
and the sample is probably a spall ( perhaps from 15536  itsel f ) . 
The sample has 2 %  vugs , confined to the mafic bands . The 
pyroxenes are brown , the ol ivines yellow-green . 

15538  was collected from the north rim of a moderately fresh , 
blocky , 3 m-diameter young crater , about 2 0  m east of the rim of 
Hadley · Rille . It has not been identified on photographs . 

Figure 1 .  Pre-spl it view of 1553 8 . s-7 1-4 4 8 1 0  
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/- PETROLOGY : 155 3 8  is a medium-grained , plagioclase-poikil itic 
mare basalt ( Fig . 2 )  with ol ivine phenocrysts and is 
petrographical ly indistinguishable from 155 3 6 . It has the same 
grain-sizes , textures , and segregation into plagioclase-rich and 
plagioclase-poor areas . The olivine phenocrysts are not present 
in the ( small )  thin sections . Cristobal ite and fayal ite are 
conspicuous in the mafic-rich clusters . Sewell et al . ( 19 7 4 )  
tabulated f ive clinopyroxene and four plagioclase microprobe 
analyses . Wark et al . ( 19 7 3 ) tabulated a comprehensive 
microprobe analysis of a z irconol ite grain . 

PROCESSING AND SUBDIVISIONS : A small chip , 1  was removed and 
entirely used to make thin sections , 4  and , 5 .  , o  is now 2 . 4 0  g .  

Figure 2 .  

Fig. 2a 

Photomicrographs of 1553 8 , 4  showing plagioclase-rich 
z one (bottom) and mafic-rich zone (upper ) . Widths 
about 3 mm .  a) transmitted l ight ; b )  crossed 
polariz ers . 
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1 5 5 4 5  FINE-GRAINED OLIVINE-NORMATIVE ST . 9A 7 4 6 . 6  g 
MARE BASALT 

INTRODUCTION : 15545  is a p1agioclase-poikilitic , ol ivine-bearing 
mare basalt . It is a member of the ol ivine-normative group of 
basalts , and is very similar to 1553 5 ,  chipped from a nearby 
boulder . The ol ivines include scattered phenocrysts . Chemically 
15 54 5  is an average member of the Apollo 15 ol ivine-normative 
mare basalt group . It is a l ight brownish gray , blocky , and 
coherent sample ( Fig . 1 ) . It contains a few vugs ( 2 % )  and a few 
zap pits on all faces . 

15 54 5  was collected in the region of several other rocks and 
soils on the rim of a 3 m fresh crater , 2 0  m east of the rim of 
Hadley Rille.  It has not been identified on photographs , hence 
its orientation is unknown . 

Figure 1 .  View of 15545 , 0  following separation of , 1  
(S-71-4 8 3 6 2 ) .  
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/- - PETROLOGY : No comprehens ive description of  1 5 5 4 5  has been 
publ ished . It i s  a plagioclase-poikilitic mare basalt , 
containing small granular pyroxenes ,  and small ,  scattered olivine 
phenocrysts ( Fig . 2 ) , with some vesicles . The ol ivines are up to 
1 . 5  mm , the plagioclase up to 2 mm. Modes l isted in Table 1 are 
in reasonable agreement and show only smal l  amounts of res idual 
glass and sil ica phases . 

Kushiro ( 19 7 2 , 197 3 )  provided microprobe mineral analyses . The 
ol ivines are zoned from Fo56 to Fo17 ( 19 7 2 ) or Fo7 ( 19 7 3 , 
although only Fo17 is shown on the diagram) � plagioclases from 
An91Ab8 50r0 5 to An79Ab180r3 • The pyroxenes have extensive 
zoning ana grain-to-grain variation ( Fig . 3 )  starting with 
pigeonite (MgP4Ca11 ) and extending to subcalcic ferroaugite . The 
most iron-ricn pyroxenes have Ti/Al > 1/ 2  ( Fig . 4 )  indicating the 
presence of  Ti3+ and very reducing conditions . Taylor and 
McAl lister ( 19 7 2 a ,  b )  plotted Zr in ilmenite against Z r  in 
ulvospinel , finding a ratio of approximately 3 . 0 ,  among the 
higher values for Apollo 15 mare basalts . By comparison with 
experiments , the data indicate an equilibration temperature of 
about 1 2 2 5°C,  i . e . , near-liquidus or quenched-in equil ibria , in 
contrast with the lower temperatures derived for other coarser
grained , more slowly-cooled rocks . Engelhardt ( 19 7 9 ) tabulated 
ilmenite paragenesis . 

Roedder and Weiblen ( 19 7 7 )  analyzed inclusions in olivine and 
ilmenite , but did not speci fically discuss the 15545  data , which 
is archived . Both El Goresy et al . ( 19 7 6 )  and Gleadow et al . 
( 19 7 4 )  l isted 15545  as among their studied samples but reported 
no data . 

CHEMISTRY : Chemical analyses for bulk 15545  are l isted in Table 
2 and the rare earths plotted in Figure 5 .  An energy-dispers ive 
defocussed beam analysis by Sewell et a l .  ( 19 7 4 )  is in general 
agreement except for lower Ti02 and FeO . The data show that 
15545 i s  a member of  the ol ivine-normative mare basalt group . 
Compston et al . ( 19 7 2 ) noted that their XRF determination for Rb 
is systematically low by 0 . 2  ppm . Maxwell et al . ( 197 2 )  also 
�nalyzed f?r ,  and f?un� no , Fe203 , H2o+ , and H2o- . Rhodes ( 19 7 2 )  
1ncluded h1s analys1s 1n a general average and discussion of 
Apollo 15 olivine-normative basalts . 
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F i g .  2a 

F i g .  2 b  

Figure 2 .  Photomicrographs of 1554 5 , 5 8 a )  plane l ight ; b )  
crossed polarizers . Width of view 2 mm .  
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TABLE 15545- 1 .  Modes of 1 5 5 4 5  

� � ? -'-!.. 
01 11 3 . 7  8 . 6  
Cpx 5 0  67 . 3  6 1 . 4  
Plag 3 0  2 4  2 3 . 5  
Ulvo 3 1 . 6  
Ilm 3 1 . 7  
CrSp 0 . 1 tr 6 . 0  
Fe-Ni 0 . 1  tr 
Troil 0 . 1  0 . 5  
Crist 1 . 5  tr 0 . 5  
Glass 0 . 5  0 . 3  

, 2  from Lunar S ample Information 
Catalog Apollo 1 5  ( 19 7 1 ) . 

, 58 from Rhodes and Hubbard ( 19 7 3 ) . 
, ? from Papike et a1 . ( 19 7 6 ) . 
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1 55 4 5  

Figure 3 .  Pyroxene compos itions in 1 5 5 4 5  and other samples 
( Kushiro , 1 9 7 3 ) . 
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Figure 4 .  Ti vs . Al for pyroxenes in 15545  and other samples 
( Kushiro , 1 9 7 3 ) . 
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Figure 5 .  Rare earths in 1554 5 .  

8 8 8  

Rare Earth E l ement 

lEGEND SPECIFIC v-<H . 13 



1 5 5 4 5  

RADIOGENIC ISOTOPES AND GEOCHRONOLOGY : Compston et al . ( 19 7 2 ) 
and Nyquist et al . ( 19 7 2 , 197 3 )  reported Rb-Sr isotopic data for 
bulk rock samples ( Table 3 ) . 15545  fall s  isotopically into the 
same tight grouping as other Apollo 15 ol ivine-and quartz
normative basalts . The data of Compston et al . ( 19 7 2 )  show 
sampl ing effects consistent with dispersion along a 3 . 3  b . y .  
isochron . 

EXPOSURE : Eldridge et al . ( 19 7 2 )  reported cosmogenic nucl ide 
disintegration data for 22Na , 26Al , and 54Mn for the bulk rock . 
Yokoyama et al . ( 19 7 4 )  found that 26Al was saturated , indicating 
an exposure greater than about 2 m . y .  

PHYSICAL PROPERTIES : Mizutani and Newbigging ( 19 7 3 )  determined 
elastic wave velocities ( Vp)  at 2 7°C for a range of pressures up 
to 9 Kb ( Table 4 and Fig . 6 )  for spl it , 2 4 .  At any given 
pressure , Vp i s  higher than for basalts 1 4 0 5 3  or 1 5 058 . 

PROCESSING AND SUBDIVISIONS : A 
small piece ( , 1 ) was pried off and made into thin sections ( Fig . 
1 ) . Subsequently the "E"  end was sawn off and substantially 
dissected by more sawing ( Fig . 7 ) . To obtain interior and unsawn 
pieces , spl its were made from the other ( "W" ) end around the 
fracture from which , 1  was taken . A large piece from that 
action , , 3 6 ( 9 6 . 7 5 g )  is stored at Brooks . , 0  now has a mass of 
5 6 5 . 8  g .  

TABLE 1554 5-3 . Rb-Sr isotopic data for 1 5 5 4 5  

Split Rb sr s7Rb;•ssr 87sr;•6sr TBABI * 
, 1 5 0 . 8 4 9 6 . 9  

j 0 . 0 2 5 0  0 . 7 0 0 7 4  ± 1 0  4 . 62 , 1 5 0 . 7 3 9 6 . 1  0 . 02 1 9 0 . 7 0 0 5 1  ± 1 0  4 . 5 5 
, 1 3  0 . 7 5 0  1 0 3 . 9  0 . 0 2 0 9  ± 6 0 . 7 0 0 4 1  ± 4 4 .  3 7  ± 0 . 2 6 - - ------------------- -- ------

* adj usted for interlaboratory bias with BABI = 0 . 6 9 8 9 8 . , 1 5 from Comp':'ton g!,_a l . ( 19 7 2 )  (TBABI from Nyqu i s t ,  1 9 7 7 ) .  
, 1 3 from Nyqu�st et al . ( 19 7 2 , 1 9 7 3 ) . 

TABLE 1 5 5 4 5 - 4 . Elastic wave velocities , Vp . 
(Mizutani and Newbigging, 1 9 7 3 )  
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Figure 6 .  E lastic wave velocities in 15545  and other basalt 
samples (Mizutani and Newbigging , 197 3 ) . 
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1 5546 

1554 6 COARSE-GRAINED OLIVINE-NORMATIVE ST . 9A 2 7 . 8  g 
MARE BASALT 

INTRODUCTION : 1 5 5 4 6  is a coarse to medium-grained granular 
ol ivine-normative mare basalt ( Fig . 1 ) . It contains ol ivine , 
most of  which is not phenocrystic . Its small yellow-green 
ol ivines are not abundant macroscopically . The sample is blocky , 
angular,  and tough , with a few vugs . There are a few z ap p its on 
all surfaces and some glass on one surface . 15546  was col lected 
in the ·vicinity of  the moderately fresh , blocky , 3 m-diameter 
crater from which 15535  and 155 3 6  were sampled, but it has not 
been identified in photographs . 

PETROLOGY : 155 4 6  is a coarse- or medium-grained ol ivine
normative mare basalt consisting of generally large , anhedral 
crystals ( Fig . 2 ) , i . e . , it is granular rather than diabasic . 
The dominant phase is pigeonite which is z oned , and some crystals 
are twinned . They are generally less than 2 mm long , and many 
contain small ol ivine inclusions . Some ol ivines are discrete 
grains , most irregularly-shaped , and most less than 1 mm across . 
Small euhedral ol ivines are enclosed within the plagioclases , 
which l ike the pyroxenes are about 1 to 2 mm across ; the 
plagioclases are irregularly-twinned . Cristobal ite is 
ubiquitous , and opaque minerals ( chromite , ulvospinel , ilmenite) 
are common . Fayal ite occurs as a res idual phase with sul fide , 
ilmenite , and rare glass . 15546 has a texture similar to 15547 
but is a l ittle finer-grained . 

PROCESSING AND SUBDIVISIONS : , 1  was chipped from one corner and 
partly used to make thin sections , 5  through , 8 .  

Figure 1 .  Pre-chip , macroscopic view of  1554 6 .  S-71-4 4 9 2 6  

892 



Figure 2 .  

Fig. 2a 

Fig. 2 b  

Photomicrograph of  15546 , 5 .  Grain in 
olivine . Width of field about 3 mm .  
l ight ; b )  cro:;sed polarizers . 
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1 55 4 7  

1 5 5 4 7  COARSE-GRAINED OLIVINE-NORMATIVE ST . 9A 2 0 . 1 g 
MARE BASALT 

INTRODUCTION : 15547  is a coarse-grained , granular 
olivine-normative mare basalt ( Fig . 1 ) . It contains ol ivine , 
most of  which is not phenocrystic . The yellow-green ol ivines are 
conspicuous macroscopically . The sample is angular and tough . 
Sl ickensides occur on one face . A few z ap pits occur on two 
sides , and vugs are present . 15547  was collected in the vicinity 
of the moderately fresh , blocky ,  3 m-diameter crater from which 
1 5 5 3 5  and 155 3 6  were sampled , but it has not been identified on 
photographs . 

PETROLOGY : 15546  is a coarse-grained olivine-normative mare 
basalt consisting of generally large , anhedral crystals ( Fig.  2 ) , 
i . e . , it is granular , not diabasic . Olivines are sparce , 
irregular , most less than 1 mm across ,  and form cores to or 
inclus ions in the dominant pigeonite . A few ol ivines have 
silicate liquid inclusions . Small , euhedral olivines are 
enclosed ophitically in plagioclase , which are about 2 mm across 
and have irregular twinning . Several pyroxenes are either 
irregularly z oned or shocked ; some are twinned . cristobal ite is 
ubiquitous , and fayalite , sul fate , ilmenite , and rare glass form 
a residuum . Opaque phases include chromite , ulvospinel , 
ilmenit e ,  and rare Fe-metal . The texture of 15547  is very 
similar to that of  1554 6 but it is a l ittle coarser-grained . 

PROCESSING AND SUBDIVISIONS : Several chips were removed from 
1 55 4 7 , and , o  is now only 12 . 51 g .  , 1  ( 4 . 65 g )  consists of 
several chips from different parts of the rock . , 2  was a single 
chip , partly used to make thin sections , 6  to , 8 .  

Figure 1 .  Pre-chip , macroscopic view of 1554 7 .  S - 7 1-4 4 9 69 
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Fig. 2a 

Fig. 2b 

Figure 2 .  Photomicrographs of 15547 , 7 .  Widths about 5 mm . To 
left and upper right are euhedral ol ivines and some 

//- pyroxenes enclosed in plagioclase . · Lower center is an 
anhedral ,  larger ( about 0 . 5  mm) olivine . a )  
transmitted l ight ; b )  crossed polarizers . 

8 9 5  



1 5 548 

1 55 4 8  FINE-GRAINED OLIVINE-NORMATIVE ST . 9A 3 . ::s g 
MARE BASALT 

INTRODUCTION: 15548  is a fine-grained , microporphyritic 
ol ivine-normative mare basalt , with a few per cent spherical 
vesicles ( Fig . 1 ) . It is one of  the f inest-grained of the 
olivine-normative basalt group . The sample is l ight brown-gray , 
blocky , angular,  and tough . Only one zap pit appears to be 
present . 15546  was collected in the vicinity of the moderately 
fresh , · bl ocky , 3 -m diameter crater from which 1 5 5 3 5  and 1 5 5 3 6  
were sampled, but i t  has not been identified i n  photographs . 

PETROLOGY : 15548  is a very-fine-grained ol ivine-normative mare 
basalt , with scattered microphenocrysts of  olivine in a 
groundmass of tiny granular pyroxenes and ragged plagioclases 
( Fig . 2 ) . The olivines enclose subhedral chromites and 
ulvospinels ; the dominant opaque phases are ulvospinel and 
ilmenite . On a fine-scale ,  some plagioclases ophitically enclose 
pyroxenes .  Some cristobal ites are present but they are not 
common . There are small patches of residual glass and troil ite . 
Fe-metal is rare . 

PROCESSING AND SUBDIVISIONS : Chipping produced several small 
pieces , all  remaining with , o  except , 1  which was made into a 
potted butt and partly used to make thin section , 4 .  

Figure 1 .  Pre-chip , macroscopic view of 1554 8 . S-7 1-4 4 9 19 
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Figure 2 .  

Fig. 2a 

Fig .. 2b 

Photomicrograph of 15548 , 4 .  Width about 3 mm . 
transmitted l ight ; b )  crossed polarizers . 
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15555 MEDIUM-GRAINED OLIVINE-NORMATIVE ST. 9A 9 6 14 . o  g 
MARE BASALT 

INTRODUCTION : 15555 ( "Great Scott" ) is both the largest and the 
most intensively studied of the Apollo 15 rocks . It is a medium
grained ol ivine basalt,  with a few percent small vugs ( Fig . 1 ) . 
It is probably very close to a liquid compos ition , i . e . , it 
contains few , i f  any , accumulated crystals . It crystall ized -3 . 3  
b . y .  ago . Unl ike other nearby rocks , 15555 was not dust-coated . 
It is generally tough , but many exterior chips fell off during 
earth transit and many of these pieces are friable . It is sub
rounded and blocky ( F igs . 1 , 2 ) , with many zap pits . 

15555 was collected about 12  metres north of the rim of Hadley 
Ril l e ,  with no fresh craters in its immediate vicinity , and from 
an area with fewer rocks exposed than at the Rille edge . 

Figure 1 .  Saw cutting of  15555 , 0 .  
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Figure 2 .  Presampl ing photograph . 

1 5 5 5 5  

PETROLOGY : 15555 is among the coarsest of the olivine basalts . 
Macroscopically it is dark brownish gray , with red-brown and 
honey-brown pyroxenes ,  translucent plagioclases , and yellowish 
ol ivines clearly visible . Vugs are conspicuous and evenly 
distributed ( Fi g .  3 ) ; they contain euhedral crystals .  The thin 
sections are generally equigranular but pigeonite and olivine 
have frequently been described as phenocrysts .  The plagioclases 
ophitically enclose smaller ol ivines and augite ( Fig . 4 ) . Plagio
clases are up to -4 mm long , pigeonites commonly 2 mm or more 
long and twinned , and ol ivines commonly about 1 mm . Al l these 
minerals , and the opaque oxides , are zoned . There is very l ittle 
mesostasis . 

Descriptions of  the petrography and sil icate mineralogy and 
chemistry (microprobe data) were given by Heuer et al . ( 19 7 2 ) , 
Longhi et al . ( 19 7 2 ) , Papike et al . ( 197 2 ) , Bence and Papike 
( 19 7 2 ) , Brown et al . ( 1 9 7 2 a , b ) , Chappell et al . ( 19 72 ) , Mason et 
al . ( 197 2 ) , Boyd ( 19 7 2 ) , Bell and Mao ( 19 7 2 a , b) , Michel-Levy and 
Johann ( 197 3 ) , Nord et al . ( 19 7 3 ) , Crawford ( 19 7 3 ) , Dalton and 
Hollister ( 197 4 ) , Walker et al . ( 19 7 7 ) , and L .  Taylor et al . 
( 197 7 ) . These reports differ more in emphasis than substance . 
Published modes (Table 1 )  are reasonably consistent given the 

/- coarse grain siz e .  
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OL 

12 . 1  

2 0  

15 

TABLE 15555- 1 .  Publ ished modes o f  15555 thin sections 

PX PL GL+SIL OPQ REFERENCE 

5 2 . 4  3 0 . 4  2 . 3  2 . 7  Longhi et al . ( 19 7 2 ) 

4 0  

55 

3 5  5 Heuer et al . ( 1972 ) 
Nord et al . ( 19 7 3 ) 

2 6  1 . 5  3 Al5 Lunar Sample 
Information Catalog 
( 19 7 1 )  

Figure 3 .  Close-up showing vuggy nature . 
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According to Bell and Mao ( 19 7 2 a , b )  ol ivines are o f  two 
varieties . One has large grains ( 0 . 5- 1 . 5 5 mm) with rounded 
edges , and includes several complex and reversely zoned specimens 
( Fo40 cores to Fo60 rims ) , although others are quite uniform .  
The second variety is o f  smal ler grains ( 10-100 m )  which are 
euhedral , less strongly zoned ( Fo60_50 ) ,  and ophitical ly included 
in plagioclases . Other reports have s imilar or consistent 
descriptions ( Longhi et al . 1972 , Bence and Papike 1972 , Mason et 
al . 1 9 7 2 , Heuer et al . 1 9 7 2 , Chappell et al . 1972 , and Dalton and 
Holl i ster 1 9 7 4 )  but with sl ightly different compositional ranges . 
Chappell et al . ( 19 7 2 ) stated that the most magnesian ol ivine is 
Fo61 ; Longhi et al . ( 19 7 2 ) reported a range of Fo71_59 ; Walker et 
al . ( 19 7 7 ) showed z oning profiles extending that range down to 
Fo40 • Dalton and Holl i ster ( 19 7 4 ) reported a wide range from 
Fo67_29 for the larger ol ivines , and divide the small ol ivines 
into two textural types : euhedraljsubhedral in plagioclases are 
Fo49_16 ; anhedral in pyroxenes are Fo63_48 • L .  Taylor et al . 
( 1977 ) showed a composi1:ional zoning profile from Fo62_15 over a 
distance of 3 0 0  �m.  Brown et al . ( 1972b)  reported one olivine 
zoned continuously from Fo50 to Fo8 • Heuer et al . ( 1972 ) found 
the ol ivines to be devo:Ld of substructure other than a moderate 
density of dislocations produced during cool ing . Ol ivines are 
significant for the estimation of cool ing rates for 15555 
( below) . 

Fig.  4 b 
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Fig. 4c Fig.  4d 

Figure 4 .  Photomicrographs of 15555 . ( a )  Whole thin section 
, 2 57 , partly crossed polarizers ; ( b )  15555 , 2 57 , 
crossed 
polarizers , width 3mm, showing zoned pyroxene ; ( c )  as 
(b)  
transmitted l ight , and showing euhedral spinels ; (d)  
interstitial area of 15555 , 17 0 ,  transmitted l ight . 
M = mesostasis , F = feldspar,  c = cristobalite . 
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Pyroxenes are composite and described by Heuer et al . ( 19 7 2 ) , 
Longhi et al . ( 19 72 ) , Papike et al . ( 197 2 ) , Brown et al . ( 19 7 2b ) , 
Bence and Papike ( 19 7 2 ) , Mason et al . ( 19 7 2 ) , Nord et al . ( 19 7 2 ) , 
Dalton and Hol l ister ( 19 7 4 ) , Boyd ( 19 7 2 ) ,  Walker et al . ( 19 77 ) , 
Michel-Levy and Johann ( 19 7 3 ) , and Chappell et al . ( 19 7 2 ) . Quadri
lateral diagrams are shown in Figure 5 .  Boyd ( 19 7 2 )  described the 
zoning in most detail :  pigeonite cores have sector-zoned mantles 
of more Ca-rich pyroxene ( see Fig . 5 ) . Pyroxferroite did not 
form ; instead ferroaugite with fayal ite + cristobal ite appears . 
Mason et al . ( 19 7 2 ) described some complex and in some places 
oscillatory z oning in pyroxenes ( Fig.  6 ) . Bence and Papike also 
showed and tabulated detailed analytical profiles . The most 
iron-rich pyroxenes are the ferroaugites which occur as small ,  
euhedral grains enclosed in plagioclases . The trends in pyroxene 
minor element chemistry , in particular discussed by Bence and 
Papike ( 19 72 ) , Dalton and Hollister ( 19 7 4 ) and Walker et al . 
( 19 72 ) , are of  s ignificance in establ ishing the crystallization 
sequence of  minerals in 15555 (below) . 
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Fig. 5 a  
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PYROXENES SELECTED AT RANDOM 
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Fig. 5e 
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Figure 5 .  Pyroxene quadrilaterals and zoning profiles . ( a )  Bence 
and Papike ( 19 7 2 ) ; (b )  to ( f) Boyd ( 19 7 2 ) . 
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Figure 6 .  Pyroxene zoning profile (Mason , 197 2 ) . 

Heuer et al . ( 19 7 2 ) and Nord et al . ( 19 7 3 ) described exsolution 
features ( revealed with HVTEM techniques ) as well as anti-phase 
domains . In the cores , the pyroxene consists of 3 0 0  A pigeonites 
and 8 0  A augite plates ; away from the core the augite lamellae 
are coarser and have a different orientation . Papike et al . 
( 19 7 2 ) reported some x-ray diffraction data for pyroxenes , and 
concluded that 15555  cooled a l ittle more slowly than the 
isochemical sample 1 5 0 1 6 . 

Plagioclases , which ophitically enclose small ol ivines and 
augites , are more or less anhedral and are zoned normally . 
Longhi et al . ( 19 7 2 ) reported a range of An94_78 , with homo
geneous cores (An94_91 ;  FejMg = 0 .  5 )  . The rims have the strong 
zoning , An9 _78 ; Fe/Mg = 0 . 6  to 0 . 9 .  Longhi et al . ( 19 7 6 )  
plotted FeJFe+Mg v .  CajCa+Na+K for natural cores , mantles , and 
rims , and noted that iron increases as calcium decreases . 
Crawford ( 19 7 3 )  reported microprobe scans and analyses : the 
early plagioclase i s  a lath , z oned but not hollow ,  which grows 
into a more irregular shape . FeOjFeO+MgO of  the core i s  0 . 6 2 ,  of  
the margins 0 . 8 8 .  The plagioclases deviate from ideal composi
tions in the manner common for lunar plagioclases . Meyer et al . 
( 19 7 4 ) made ion-probe traverses across plagioclase for the 
analyses of Mg , ca , S r ,  K, and Ba . S r ,  Ba , and K concentrations 
increase towards the grain boundaries . Czank et al . ( 19 7 3 )  found 
weak, dif fuse c-reflections in plagioclases , and Wenk and Wild 
( 19 7 3 ) briefly reported on optical properties derived from 
universal stage work . Heuer et al . ( 19 7 2 )  reported on small ( 9 00 
A) b-type domains in plagioclase , and found no unambiguous 
evidence of plagioclase exsolution . Wenk et al . ( 19 7 3 )  also 
reported small b-type anti-phase domains , and Nord et al . ( 19 7 3 ) 
found that the anti-phase domains have morphologies correlated 
with composition . They also reported weak exsolution . 
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Detailed studies of the oxide phases , with microprobe analyses , 
were presented by Haggerty ( 19 7 1 , 1972 a , b , c , d) , Dalton and 
Holl ister ( 19 7 4 ) , and El Goresy et al . ( 19 7 6 ) . The oxides are 
spinels ( chromite-ulvospinel series ) and ilmenites . 15555 is 
among the few basalts which have spinels whose compositions span 
the entire normal-inverse series ( Fig . 7 ,  8 ) . However , interme
diate compositions are not as common as others , and discontinuous 
mantl ing does occur . Corroded and rounded chromite cores as 
inclusions in later members of  the series suggests a reaction 
relationship between Ti-chromite and l iquid (El Goresy et al . 
( 19 7 6 ) . Idiomorphic Ti-chromites ,  optically unz oned but chem
ically zoned , are included in olivines . Haggerty ( 19 7 2 c )  
concluded that Ti3+ and Cr2+ can b e  present i n  only very smal l  
abundances , i f  at all . I lmenite occurs as discrete grains and as 
lamellae in reduced spinel ; Haggerty ( 197 1 ,  1 9 7 2 a )  in particular 
discussed subsol idus reduction of chromite to intergrowths of  
ulvospinel , ilmenite , and Fe-metal . About 10% of  the chromite 
has been so reduced . Blank et al . ( 19 8 2 )  analyzed opaque oxides 
for the trace elements Zr and Nb using a proton microprobe .  
These elements are o f  very low abundance in primary chromite ( <5 
ppm) but higher in chromian ulvospinels ( Z r  2 50-2 0 0 0  ppm ; Nb 
2 0- 3 0 0  ppm) . The oxide! compositional changes have been 
considered important indicators of changing l iquid compositions 
resulting from crystallization of sil icate phases , hence of value 
in assessing the crystallization sequence of 15555  (below) ( see 
especially Dalton and Holl ister 197 4 ,  and El Goresy et al . 
( 19 7 6 ) . 

Fig. 7a Fig.  7b 

Fig. 7c 
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Figure 7 .  

I 

1 \ 9 -.. rS[S •.t < -

m��r & ' t/  . . :r 
• r ... 

� .· .. . 

• I 
. 

! 00 1.00 � - 00  '.i.OO . 

Spinel compositions . 
(b)  Haggerty ( 19 7 2 c ) ; 
( d )  and ( e )  El  Goresy 

... - �' l � 
: �< • :  (}/<� 
I ; 'J """'- IS(S 

Fig. 7e 

'" 

( a )  Haggerty ( 19 7 1 ) ; 
( c )  Dalton and Hol l ister 
et a! . ( 19 7 6 ) . 

( 19 7 4 ) ; 

Figure 8 .  Spinel zoning profile ( Dalton and Hol l i ster , 1 9 7 4 ) . 
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Brown et al . ( l9 7 2b )  and Peckett et al . ( 19 7 2 )  reported the 
discovery of a Zr-Ti-Fe mineral with high concentrations of Y and 
REEs ( " Phase Y " )  in the 15555 mesostasis , and provided a micro
probe analys is . Roedder and Weiblen ( 19 7 2 ) reported on 
inclusions , including melt inclusions , in mineral phases , 
particularly olivine and ilmenite , with microprobe analyses . The 
olivines contain numerous tiny sil icate "melt" inclusions , now 
assemblages of ilmenite , glas s ,  immiscible sul fide , and shrinkage 
bubbles . Roedder and Weiblen ( 19 7 2 ) also reported on high-Fe and 
high-Si immiscible melt inclus ions in plagioclase and 
cristobal ite . 

Crystallization sequence :  The textural ,  mineral chemical and 
zoning , and experimental ( see EXPERIMENTAL PETROLOGY , below)  data 
have been util ized to infer details of the crystallization 
sequence of 155 5 5 . From Ti/Al zoning in pyroxenes ,  Longhi et al . 
( 19 7 2 ) suggested that 4 5 %  crystallization had taken place before 
plagioclase started to crystall ize , 9 0 %  before ilmenite . The 
low-pressure experimental sequence of ol->px->plag matches that 
inferred for the rock itsel f .  Dalton and Holl ister ( 19 7 4 ) used 
the microprobe analyses of host and inclusion mineral pairs to 
deduce the crystallization sequence . The reversal from 
increasing to decreas ing Ca and Al in pyroxenes is interpreted by 
these authors to coincide with the incoming of plagioclase under 
supersaturation, in agreement with Longhi et al . ( 19 7 2 ) and 
others . They could not find evidence to indicate whether 
ol ivine , chromite , or p igeonite crystal l ized f irst , but all 
precede plagioclase . They did conclude that there was no 
s igni ficant settling of mineral phases , with the possible 
exception of chromite . El  Goresy et al . ( 19 7 6 )  concluded that 
the chromites probably preceeded p igeonite , either during or 
preceding ol ivine . Walker et al . ( 19 77 ) , using experimental data 
extensively to deduce the relationship between the rock 
composition and the original liquid from which it crystall ized, 
inferred , l ike Dalton and Holl ister ( 19 7 7 ) that there was l ittle , 
i f  any , accumulation . 

Apart from cool ing history studies , other mineralogical studies 
are dominated by those elucidating valence states of cations , 
e . g . , Mossbauer studies . Weeks ( 19 7 2 ) found the intensity of 
Fe3+ spectra from plagioclase to be greater than in Apollo 1 4  
rocks , and believed the� Fe3+ not t o  result from radiation damage ; 
the study did not detect Ti3+ . Burns et al . ( 19 7 2 )  measured 
polarized absorption spectra on s ingle crystal s  of pyroxene to 
identi fy Fe and Ti valences ; Ti3+ bands were not observed . A 
spectra taken for ol ivine ( Burns et al . ,  197 3 )  found the expected 
Cr3+ bands , but lead to the conclusion that the inference of Cr2+ 
which had been made for lunar olivines was not convincing . Bell 
and Mao ( 19 7 2 c )  analyzed an ol ivine ( Fo50 ) and found polarized 
bands attributable to Fe3+ . Huffman et al . ( 19 7 2 , 1 9 7 4 , 1 9 7 5 )  
made Mossbauer analyses and magnetic studies : 9 8 . 5% of  Fe is in 
sil icates ( 7 7 . 6 % in px , 2 0 . 9 % in ol ) with 1 . 3 % in ilmenite . Fe 
metal ( 0 . 055 wt . % ) was not detected in the Mossbauer study . 
Virtually all of the Fe is Fe2+ ,  and totals 18 . 7% .  Abu-Eid et 
al . ( 19 7 3 )  found Fe3+ to be less than the detectability level of 
1% . 
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S immons et al . ( 19 7 5 )  illustrated a possible natural stress
induced crack of tectonic rather than shock origin , as well as 
radial cracks most probably resulting from thermal expansion . A 
healed crack is marked by a bubble chain (glass inclus ions ) . 

Cool ing history: Estimates of  the cool ing rate ( s )  for 15555 
have been made utiliz ing mineral compositional data and experi
mental data . 15555  is too coarse-grained for direct analog with 
the products of dynamic crystallization experiments (Walker et 
al . 197 7 ) , other than to give maximum rates . Pyroxene cores in 
the experimental products are similar to natural ones , and 
impl ies that there was l ittle supercooling at pyroxene entry 
(Walker et al . ,  197 7 ) ; pyroxenes maintained surface equilibrium 
( cores not erased ) , but rims depart from equil ibrium trends . 
Ti/Al in experimental samples approaches 1/2 rather than 1/4 as 
in natural samples , thus 15555  had delayed nucleation of  plagio
clase followed by its rapid growth . Olivine natural cores are 
Fo71 ,  c f .  Fo73 in equilibrium experiments , hence ol ivine is not 
accumulative and was reequil ibrated during cool ing (however , 
O ' Hara and Humphries , 19 7 7 ,  cautioned against " over- interpre
tation" of smal l differences of MgjFe in experiments because of  
iron-loss problems ) .  Olivine maj or-element zoning profiles , 
compared with modelled diffusion and equil ibration , suggest 
- 4°Cjday cool ing during early olivine crystallization (Walker et 
al . ,  1977 ) , thus 15555  is from a location a few meters from the 
edge of  a flow which took a few months to cool . Taylor et al . 
( 19 77 ) , modell ing Fe-Mg diffus ion and ol ivine zoning profiles , 
deduced - 5°Cjday ( minimum rate) , and Onorato et al . ( 19 7 8 )  
improved on these diffusion model s  by including diffusion in the 
liquid . Bianco and Taylor ( 19 7 7 )  found that ol ivines in 2°C/hr . 
cool ing experiments had morphologies s imilar to those in 15555 
except that they were internally skeletal . From the olivine 
nucleation dens ity they estimated a cool ing rate of 0 . 5  to 
l . 0°C/hr . at the beginning of ol ivine crystallization ( assuming 
that the erupted melt was ol ivine-free ) . Cukierman et al . ( 19 7 3 )  
reported data on the kinetics o f  crystallization o f  a glass of 
15555  composition , noting that it does not form glass eas ily . 

EXPERIMENTAL PETROLOGY : Several equilibrium experimental crystal
l i z ation studies have been conducted on a 15555  composition , at 
low and high pressures ( Humphries et al . ,  1972 ; Longhi et al . ,  
19 7 2 ; Kessen , 197 5 ,  1 9 7 7 ; and Walker et al . ,  197 7 ) . Longhi et 
al . ( 19 7 8 )  included 15555  ( natural rock powder )  in experiments 
specifically to determine the distribution of Fe and Mg between 
ol ivine and basaltic l iquids , and Bianco and Taylor ( 19 7 7 )  used a 
Ca-depleted 15555-like composition for isothermal and constant 
cool ing rate experiments . The problems of iron-loss to the 
containers are widely recognized and discussed in detail by 
O ' Hara and Humphries ( 19 7 7 )  and Walker et al . ( 19 7 7 ) . 
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The experimental data are depicted in F igure 9 .  Some o f  the 
differences result from iron-loss according to the capsules and 
conditions used , as discussed by Walker et al . { 19 7 7 )  and O ' Hara 
and Humphries { 19 7 7 ) . The data are s imilar except that spinel 
appears earl ier in the Humphries et al . ( 19 7 2 ) diagram , and 
except for the Mg/Fe of mafic phases . Walker et al . { 19 7 2 )  noted 
that the ol ivine and pyro�ene natural core compositions are close 
to those in the equil ibrium experiments , so that l ittle crystal 
accumulation took place and 1 5 5 5 5  is close to a l iquid compo
s ition . This is in disagreement with O ' Hara et al . ( 19 7 5 ) , and 
the evidence i s  discussed extensively by Walker et al . ( 19 7 7 ) . 
The high pressure experiments show s imilar multiple saturation 
points with ol ivine and low-ca pyroxene without spinel . The 
difference of several kilobars between the Kesson ( 19 7 5 , 197 7 )  
and the Longhi et al . { 1 9 7 2 ) and Walker et al . ( 19 7 7 )  multiple 
saturation points may be a calibration difference as much as a 
result of  different conditions and capsules . Assuming multiple 
saturation, twelve kb indicates a 2 4 0  km depth for the source 
l iquid of 15555 , deeper if o l ivine separation took place during 
ascent ( Kesson , 197 5 ) . 
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TABLE 15555-2. Bulk rock chemical analyses 

,225 , 157 , 149 , 59 ,27 , 2 5  , 148 , 1 34 , 1 53 , 8  Wt % Si02 45 . 86 44.75 45. 2 1  43.0 45.2 44.22 44.24 
T102 2 . 40 2 . 07 2.04 2.05 1 . 73 2 . 8  2 . 3  2 . 36 2 . 26 
A1203 8 . 29 8 . 67 8 . 41 9.24 10.32 8 . 5  9 . 3  7 . 54 8.48 
FeO 2 3 . 45 2 3 . 40 22 . 2  2 1 . 4  20. 16 2 1 . 8 ; 22 . 4 ; 23 . 0  2 1 . 0  24.24 22.47 
M�O 1 1 . 55 1 1 .48 1 1 . 20 1 0 . 2  1 1 . 9  1 1 . 1 1  1 1 . 19 
CoO 9 . 24 9 . 14 10.4 9 . 9  9 . 96 9 . 18 9 . 45 
Na20 0 . 34 0 . 24 0 . 28 0.28 0.35 0 . 39 0.39 0 . 29 0 . 24 
K20 0 . 09 0 . 05 0.05 0.04 0.03 
P205 0 . 05 0.05 0 . 06 0.06 

(ppm) Sc 38.4 43. 1 40 3 8 ; 38 ; 38 
v 145 244 266 240 
Cr 4700 4200 ; 4 500 4820 4720 4500 3620 ;3530 ; 3 570 5200 
Mn 2300 2300 2310 1900 2100 2000 2250 2250 
Co 66 6 1 . 8  50. 3  87 5 4 ; 58 ; 52 
Ni 70 90 50 96 42 
Rb (5 0. 7 5  0.84 1 . 1  0. 65 0 .6  
Sr 83 84 88 93 92 
y 47 23 23 
Zr 60 58 124 ; 1 30 ; 124 76 
Nb 1 7  4 . 3  
Hf 2 . 1  3 . 1  (20 3 . 1 2 ; 3 . 20 ; 3 . 26 
Ba 30 47 59 30 
Th 0.30 0.40 <100 u 0. 14 0 . 2 1  (500 
Pb <2 
La 3 . 5  4 . 8  
Ce 10 18 <100 
Pr 
Nd <100 
Sm 3 . 2  4 . 0  
Eu 0 . 75 1 . 00 0 . 93 ; 1 . 1 ; 1 . 3  
Gd Tb 0 . 5 1  0 . 7 7  0 . 9 2 ; 0. 93 ; -
Dy 3 . 2  4 . 4  
Ho o. 78 0.91 
Er 2 . 7  3 . 3  
Tm 
Yb 1 . 64 1 . 59 4 . 2  
Lu 0.43 0 . 39 
Li 7 5 . 5  
Be 
B 3 
c 
N 
s 700 
F 
C1 
Br 6000 
Cu 1 7  6 . 6  7 .  1 13a 
Zn 1 . 3  1 . 2  0 . 78 

(ppb) 1 
At 
Ga 3000 2900 3700 4600 
Ge 8 . 5  
As <50 <50 
Se 85 106 156 
Mo 
Tc 
Ru 
Rh 
Pd 
� <7 <7 200 1 . 0  
Cd 2 . 1  
In 2 (2 0.55 
Sn 
Sb 0. 067 
Te 3 . 4  
Cs 26 32 30 
Ta 290 400 1500; 1400; 1400 
w 1200 430 
Re 0.0013 
Os 
lr <0 . 1  <0. 1 0 . 006 
Pt 
Au 0.48 0.85 0. 139c 
Hg 
Tl 0.20 
Bi 0 . 089 

(I) (2) (3) (4) (5) (6) (7) (8) (9) (IO) 
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/�-" TABLE 15555-2 Continued 

, 20 , 1 8  , 13 , 1 6  , 13 ,33 A B , 1 5  
W t  % Si02 45.0 44.75 • 2 

Ti02 2 . 25 1 . 60 2.05 2.63 
Al203 8 . 5  9 . 37 9 . 0! 7.45 
FeO 23.2 2 1 . 18 2 1 . 6!1 24.58 
M�O 1 2 . 22 1 1 . 39 10.96 
CaD 9 . 2 5  9 . 62 9 . 22 8 . 4h 
Na20 0.2655 0.26 0.27 0.24 
K20 0.03;0.0276 0. 0'• 0 . 04 0. 0421 0.0646 
P205 0 . 007 ;0 . 066 0 . 06 0 . 07 

(ppm) Sc 40 
v 
Cr 4100 3300 4100 4200 
Mn 2000 2300 2500 
Co 50 
Ni 
Rb 0.445 O. Si• o. 76 0.63 0.874 0.700 
Sr 84.4 92.2 90. 7  89. 9  9 2 . 0  85 . 32 
y 18 
Zr 57.3 69 
Nb �i 
Hf 2 . 2  
Ba 3 2 . 2  4 1 . 6 1  
Th 0.4596 0. 4296 0 . 3095 
u 0. 1264 0 . 1 173 0 . 0850 
Pb 0. 209 0. 191  0. 1388 
La 5 . 4  
Ce 8.06 
Pr 
Nd 6.26 
Sm 3 . 5  2 . 09 
Eu ! . 18 0.688 
Gd 2 . 90 
Tb 0.7 
Dy 3.27 
Ho 

_,.,---· Er 1 . 70 
Tm 
Yb 2. 1 1 . 45 
Lu 0.37 
Li 6 . 36 
Be 
B 
c 
N 
s 400 600 
F 
Cl 
Br 
Cu 
Zn 
I 
At 
Ga 2700 
Ge 
As 
Se 
Mo 
Tc 
Ru 
Rh 
Pd 

Cd 
In 
Sn 
Sb 
Te 
Cs 
Ta 
w 
Re 
Os 
Ir 
Pt 
Au 

1------ Hg 
Tl 
Bi 

( 11 ) ( 12 )  03 ) ( 14)  05) 06) ( 17 )  (I 7 )  (!7) ( 1 8) (19 ) 
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TABLE 15555-2 Continued 

, 1 2 ' 1 44 , 144 , 1 43 , 1 35 , 1 35 ,479 , 8 1  __!_!_�-)� 
W t 5102 

Ti02 
Al203 
FeO 
H 0 
CaO 
Na20 
K20 0. 0376 0 . 0390 
P205 

(ppm) Sc 
v 
Cr 3540 ; 3830 ; 4390 
Hn 

Co 
Ni 
Rb 0 . 538 0 . 67 5  Q. 62k 
Sr 74. 1 1  86 . 9 "  9 l . Oj 
y 
Zr 

Nb 
Hf 2 . 0� 1 . 962 
Ba 
Th 
u 
Pb 
La 
Ce 
Pr 
Nd 1 1 .  85m 7 . 518 
Sm 3 . 784 2. 520 
Eu 
Gd 
Tb 
Dy 
Ho 
Er 
Tm 
Yb 
Lu . 2 5 5/ . 2 50 
Li 
Be 0 . 2 8  
B 
c 7 . 3  7 . 7  1 2  7 . 7n 
N <2 <0. 8 
s 855 726 650 580 > 1 2 . 9  
F 
C1 
8r 
Cu 
Zn 980 

(ppb) 1 
At 

Ga 
Ge 
As 
Se 
Ho 
Tc 
Ru 
Rh 
Pd 
Ag 

Cd 
In 
Sn 
Sb 
Te 
Cs 
Ta 
w 
Re 
Os 
lr 

Pt 
Au 
Hg 
Tl 
Bi 0 . 2 5  

( 19 )  ( 2 0 )  ( 2 1 )  ( 2 2 )  ( 2 3 )  ( 24 )  (25)  (26) (27 ) ( 28 )  ( 2 9 )  ( 30) ( 3 1 )  (32) 
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( l )  
( 2 )  
(3)(4)  
( 5 )  

References Table 1 5  555-2.  

References and methods :  

Longhi e t  al. ( 1972 ) ;  I!MP/FB 
Mason e�(l97 2 ) ;  Gen. sil . 
Brunfelt et al. ( 1 972 ) ;  INAA 
Christian�. ( 1 972 ) ,  Cuttitta et 
al. ( 1973b); Combined , XRF, etc.  

Other Notes : 

Listed erroneously as 0 . 1 3  ppm in 
Cuttitta et al. ( 1 972 ) .  
Also list very high upper limits for 
several trace elements .  
Listed by Ganapathy e t  al. ( 1973) a s  
"doubtful value··: contamination. 

1 5 5 5 5  

(6)  

( 7 )  

(8)  
(9)  
( 10) 

Horgan et al. ( 1972d) , Ganapathy et al. 
(1973 ) ;  RNAA 

--

Janghorbani et al. ( 1973 ) ,  except Zr,  

(a)  

(b)  

(c) 

(d) Units not stated, but ppb except Zn, Rb 
ppm. Te not listed. 

( I I )  
( 12 )  

( 13) 

( 1 4 )  

( IS) 
( 16)  

Hf from Chyi and Ehmann ( 1973 ) ;  RNAA 
Janghorbani et al. ( 1973 ) ;  RNAA 
Maxwell et ar:-<T972 ) ;  Combined 
Rhodes and Hubbard ( 1 973 ) ,  PET ( 1972 ) ;  
XRF 
Fruchter et  al. ( 1973 ) ;  INAA 
Schnetzler et al. ( 1972 ) ,  Nava ( 1974e ) ;  
AAS , Col , 1-D--
Chappell and Green ( 1973 ) ,  Compston !!_ 
al. ( 1972f ) ;  XRF 
Chappell and Green ( 1 973) ,  Chappell et 
al. ( 1972 ) ;  XRF, ID 
Compston et al. ( 1972 ) ;  ID 
Husain et�l972a ) ,  Husain ( 1974 ) ;  
MS 

---

( 1 7 )  Tatsumoto e t  a l .  ( 1972 ) ;  lD, MS 
( 18) Tera and Wasserburg ( 1974 ) ;  ID, MS 
( 1 9 )  Murthy e t  al. ( 1 972 ) ;  ID, MS 
(20) Mark et�l97 3 ) ;  ID ,  MS 
( 2 1 )  Birck et al. ( 1975 ) ;  Ill,  MS 
(22) Fried�al. ( 19721 ) ;  Combustion 
(23) Friedman et a!. ( 19721 ) ;  Pyrolysis 
(24) Eisentraut et al.  ( 1972 ) ;  GC ( 2.5 )  Lugmair ( 1975 ) ;  I D ,  MS 
(26) Gibson et a! . ( 1975 ) ;  Combustion 
(27) Gibson et al. ( 1 975 ) ;  Hydrolysis 
(28) Kaplan et al. ( 1976 ) ;  Combustion 
( 29 )  Kaplan e t  a l .  ( 1 976 ) ;  Hydrolysis 
( 30)  Desmara�al . ( 1 978 ) ;  Combustion 
( 3 1 )  Allen e t  al.\T97 3 ) ;  lNAA 
(32) Unruh et al. ( 1 984 ) ;  lD/MS 

(e) 
(f) 
(g) 
(h) 
(i) 
( j )  
(k) 
(1)  
(m) 
(n) 

Majors only. 
Rb , Sr only. 
K only. 
From 39Ar abundance . 
From 37Ar abundance . 
Calc. from 86Sr and isotopic ratios. 
Calc. from 87Rb and isotopic ratios. 
Also provide H abundances. 
Calc. from 144Nd and isotopic ratios. 
5 . 6  indigenous , 2 . 1  terrestrial 
contamination. 

References 1 5 5 5 5-3.  

( 1 )  Brunfelt et a l .  ( 1 973a) ; INAA 
( 2 )  Schnetzler e t  a l .  ( 1 972 ) ;  AAS , Col , I D  
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TABLE 15555-3. Chemical analyses of mineral separates 

, 1 49 , I  9 , I  , 149 
Flag Lt .Cpx Dk.Cpx Oliv Plag Px 

Wt % Si02 
Ti02 0 . 20 1 . 19 1 . 27 (0. 17 
Al203 33.09 4 . 6 1  2 . 3 1  1 . 06 
FeD 0 . 6  1 3 . 8  2 7 . 9  39 . 3  
� < J .  7 1 3 .  I 6 . 8  24. 9  
CaO 25 . 5  8 . 5  1 4 . 4  1 . 7  
Na20 0.97 0 . 1 5  0 . 03 0 . 12 
K20 0 . 0433 0 . 0 1 26 
P205 

(ppm) Sc 0 . 5  6 5 . 9  7 1 . 0  10.0  
v 53 2 1 2  1 1 5  8 2  
Cr 8 5 3 1  196 192 
Mn 7 . 5  2 1 69 3024 2842 
Co 1 . 2  32.0  42 . 2  103 . 5  
Ni < l O  148 <10 54 
Rb (0. 9 5 . 1  <0. 9 1 . 3  0. 1 3 1  0. 204 
Sr 310 <10 16  (10 282 26. 1 
y 
Z r 45 
Nb 
Hf <0.9 0 . 1  3 . 2  <0. 9  
sa- 18 <IS 60 25 27 . I  1 2 . 2  
Th (0. 20 (0.20 0 . 29 (0.20 
u (0 . 1 0 (0. 10 (0 . 10 (0 . 10 
Pb 
La <O. 5 1 . 0  6 . 3  I .  8 
Ce 1 . 25 3 . 1 4  
Pr 
Nd 0.87 2 . 99 
Sm 0 . 2 1  1 . 84 6 . 12 0 . 82 0.27  1 . 19 
Eu 1 . 80 (0.40 0.86 (0. 50 1 . 84 0.27  
Gd 0 . 34 1 . 88 
Tb 0.02 0.55  1 . 20 0. 19  
Dy o. 1 3 . 1  6 . 2  ! . I  0.39  2 .  29 
Ho 
Er l .  27 
Tm 
Yb 0 . 1  1 . 6  3 . 6  0 . 53 0 . 14 1 . 04 
Lu 
Li I J . 3  4 . 97 
Be _B ___ 

c 
N 
s 
F 
Cl 
Br 
Cu 
Zn 

(ppb) l 
At 
Ca 
Ge 
As 
Se 
Mo 
Tc 
Ru 
Rh 
Pd 
A 
Cd 
In 
Sn 
Sb 
Te 
Cs 100 490 <100 1050 
Ta (100 (100 130 (100 
w 
Re 
Os 
l r  
Pt 
Au 
Hg 
Tl 
Bi 

( 1 )  ( I )  ( I )  ( I )  { 2 )  ( 2 )  
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CHEMISTRY : 15555 has been widely allocated for chemical analyses , 
with resulting duplicate data for many elements ( Table 2 ) . There 
is also data on mineral separates (Table 3 ) . Apart from noting 
the conformity with other Apollo 15 olivine basalts , most papers 
do not specifically discuss the chemistry other than to relate 
discrepancies between analyses to the coarse grain size of the 
sample . Most of the data suggest that 15555  is a fairly average 
A15 olivine-normative mare basalt . Christian et al . ( 19 7 2 )  
analyz ed for ferric iron but found none , reporting 0 . 0 0% . Rare
earth element data are illustrated in Figure 10 and indicate 
probable sampling biases and systematic errors . 

STABLE ISOTOPES : Published data are l isted in Table 4 .  Data for 
2D4pb ( generally considered stable on account of its long hal f
life )  publ ished by Allen et al . ( 1973b)  are lower from those 
previously reported by them (Al l en et al . ,  1 9 7 3 a ) , but the change 
is not noted or discussed . In general the stable isotope data 
received no specific discussion . The isotopic compositions 
distinguish 15555 from regolith ,  as expected . According to 
Friedman et al . ( 19 7 2 ) , the hydrogen is probably a mixture of 
spallationogenic hydrogen with that left over after melting and 
partial outgass ing . 

GEOCHRONOLOGY AND RADIOGENIC ISOTOPES : Several dif ferent groups 
have reported Rb-Sr isotopic data and results (Table 5 ;  Figure 
1 1 ) . Two analytical ly s ignificant discrepancies are the old age 
determined by Chappell et al . ( 19 7 2 ) , and the low initial 
87S rjB6Sr determined by Murthy et al . ( 19 7 2 a ,  b ) . These discrep
ancies are discussed by Papanastassiou and Wasserburg ( 19 7 3 )  
whose opinion is that the Chappell et al . ( 19 7 2 )  data is affected 
by serious analytical difficulties . They also measured 87S rj86Sr 
in four plagioclase separates to test the suggestion of  Murthy et 
_al .  ( 19 7 2 a )  that differences in initial 87s r;sesr result from 
original variations wit.hin the rock , but concluded that the rock 
had uniform initial ratios throughout its volume . Thus 15555  has 
a Rb-Sr age close to 3 .  3 2 b .  y .  and an initial 87Srj86Sr ratio 
similar to other Apollo 15 olivine basalts . TBABI model ages 
calculated by Nyquist ( 19 7 7 )  for much of the data are quite 
varied . 

40Ar-39Ar age determinations are consistent with those of Rb-Sr 
data (Table 6 ;  Figure 12 ) , averaging about 3 . 3 2 b . y . , as is a 
K-Ar age of 3 . 3 1 ± 0 . 07 b . y .  determined by Murthy et al . 
( 19 7 2 b ) . However ,  Husain et al . ( 19 7 2 b )  determined a lower K-Ar 
age of 2 . 87 b . y .  ( uncertainty not stated) , and Lightner and Marti 
( 19 7 2 )  also determined a K-Ar age of  2 . 8  b . y .  Analysts tend to 
agree that 15555 has lClst about 2 0 %  of  its radiogenic 40Ar , 
leading to K-Ar ages lClwer than Ar-Ar ages . Podosek et al . 
( 19 7 2 ) concluded that 6 0 %  of the potass ium is in minor phases , in 
quintescence , making quantitative evaluation difficult ; the 
" real " age is best givEm by the plagioclase determination which 
in any case gives the best plateau . The Podosek et al . ( 19 7 2 ) 
release data were also presented and discussed by Turner et al . 
( 19 7 2 ) . 
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s 

'""' I 
* • 149 Brunfel t et a l .  ( 1972); INAA 
* , 149(A) Brunfel t et a l .  ( 1973a) ;  I NAA 
* • 149(8) Brunfel t et a l .  ( 1973a) ;  I NAA 
* , 149(C) Brunfel t et a l .  ( 1973a); INAA 

I * • 149(0) Brunfelt et a l .  ( 1973a);  INAA 

..J 
, 1 8  Schnetzler et a l .  ( 1 972) ,  Nava ( 1 974e);  

AAS, Col ,  10  
* , 195 Unruh et a l .  ( 1 984); 10/MS 
* ,20 Fruchter et a l .  ( 1973) ;  I NAA 
* , 59 Brunfel t  et a l .  ( 1972);  INAA 

, A  Schnetzler e t  a l .  ( 1972> ;  AAS, Col , ID 
,B  Schnetzler et a l .  ( 1 972) ; AAS, Col ,  ID 

* Gd value calculated. 
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Rare Earth Element 
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Fig. l Ob 

Figure 1 0 .  ( a )  Rare earths in bulk rock 15555 ; ( b )  rare earths in 
mineral separates from 1555 5 . 
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TABLE 15555 -4 . stable isotopic data for 1 5 5 5 5  

RF--�::r·s_ -! i -27 . 5  l I - 1 4  I 

+ 0 . 7  

- 2 7 . 8  I + 0 . 8  

2D<pb EXTRACTION 

Pyrolysis 

Combustion 

combustion 

Combustion 

Hydrolysis 

Combustion 

I 
L ____ L _____ __ _ 

1 < O . 2ppb1 Leach, I i Leach res idues 
- --------- --··- _ ____.J._ ______ _ 

REFERENCE 

Friedman et a l . ( 19 7 2 )  

Friedman et a l .  ( 1 9 7 2 )  

Kaplan et a l . ( 1 9 7 6 )  

Kaplan et a l . ( 197 6 )  

Kaplan et al . ( 1 9 7 6 )  

DesMarais ( 1 9 7 8 )  

Al len et al . ( 19 7 3 b )  

l 

TABLE 1555 5-5 . Summary of Rb-Sr isotopic results for 1 5 5 5 5  whole rock 

,...----- ---------- -- ----,--------------------------------- � 

1 
REFERENCE 

Compston et al . ( 19 7 2 )  

Tatsumoto et a l . ( 19 7 2 ) 

Chappe l l  et a l . ( 1 9 7 2 ) 

Murthy et al . ( 19 7 2 a , b )  

Mark e t  a l .  ( 19 7 3 )  

Wasserburg and 
Papanastassiou ( 19 7 1 )  

Cliff e t  a l . ( 1 9 7 2 )  

Birck e t  a l . ( 1 9 7  5 )  

INT . ISOCH . 
AGE ( b . y . ) 

3 . 54±0 . 1 3 

3 . 3 0±0 . 08 

3 . 3 2±0 . 0 6b 

3 . 3 4 d  

3 . 3 4 ±0 . 09 

INITIAL MEASURED MEASURED s2srj86Sr 87Sr/86Sr s7Rbj86Sr 

0 . 7 0 0 5 1±10 0 . 0 2 0 3 

0 . 7 0 0 6 2  

0 . 69 9 3 6±8 0 . 7 0 0 4 2±5 0 . 0 2 2 0  
0 . 7 0 0 6 2±10 0 . 0 2 2 6  

0 . 6 9 9 0 6±4 0 . 7 00 09±6 0 . 0 2 3 7 5  
0 . 7 0 0 0 5±5 0 . 0 2 10 2  

0 . 7 0 0 3 2±8 0 . 0 2 18a 

0 .  6 9 9 3 4'±5 

0 . 6 9 9 2 7  0 . 7 00 4 6±15 0 . 0 2 6 2  

'--

- - -- - ----------...L--------------------------� 
Notes :  

( a )  
( b )  

( c )  
( d )  

erroneously reported a s  0 . 2 18 
uncertainty revised down to 0 . 04 by Papanastassiou and Wasserburg 
( 19 7 3 )  from recalculations using di fferent tracer 87sr;••sr 
value reported as 0 . 6 9 9 3 0  in Papanastass i ou and wasserburg ( 1 9 7 3 )  
no isotopic data reported 
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Figure 1 1 . Rb-Sr internal isochrons . ( a )  Birck et al . ( 19 7 5 ) ; 
(b )  Papanastass iou and Wasserburg ( 19 7 3 )  ( c )  Chappell 
et al . ( 19 7 2 ) ; ( d )  Murthy et al . ( 19 7 2 a ) . 
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300 1---------------+, 4.0 
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Lunar rock 15555 
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Figure 12 . Ar release diagrams . ( a )  Alexander et al . ( 19 7 2 ) ; 
( b )  Podosek et al . ( 19 7 2 ) ; ( c )  Husain et al . ( 19 7 2 a )  
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TABLE 15555-6 . summary of 40Ar-39Ar gas retention ages for 15555 

REFERENCE MATERIAL AGE (b . y .  ) 

\ Podosek et al . ( 19 7 2 )  WR 3 . 2 19 + . 0 2 5  
! 
[ Podosek et al . ( 19 7 2 ) PL . 3 . 3 0 8  + . 0 2 5  

I Podosek et al . ( 19 7 2 )  PL . 3 . 3 2 ± . 05 

Podosek et al . ( 19 7 2 )  PX . 3 . 3 2 8  + . 09 

Alexander et al . ( 19 7 2 ) WR 3 . 3 3 + . 05 

IYork et al . ( 19 7 2 a )  WR, 2 dups . 3 . 3 1 + . 0 6 

�Husain et al . ( 19 7 2 a )  WR 3 . 2 8  + . 0 6 

TABLE 15555-7 a .  Sm/Nd whole rock isotopic data for 15555 , 8 2 
( Lugmair , 197 5 )  

l-;-
47

-
Smj�44N-

d 
--- - --

( 143Ndj144Nd) s ( 143Ndjl44Nd) 
t;::::·:_-__ =========================-======� I 1 0 . 19 9 1  ± 2 0 . 5 1 2 8 8 7  ± 3 4  0 . 5 1 2 8 6 3  ± 1 3  

s = from spiked sample 

TARLE 15555-7b, 5111/Nd and Lu/Hf whole-rock isotopic data for 15555,195 (Unruh �· , 19811) 

�S•i"
4

Nd �
14

��14:�� _ -���-- ·· - ·· - ·· < 143
Ndi

144
Nd )l 

! 0. 2026 ± I 0.512883 ± 40 +4 . 8  + 0.8 0, 50853 .:!: 4 

o .. at present day; [ • at ti111e of cryt�tallizatioll 

+2.4 :!:. o.s 0.018U6 + 2 
0.01803 ! 4 
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Data on isotopes in the U ,  Th-Pb system were presented by 
Tatsumoto et al . ( 19 7 2 ) , and Tera and Wasserburg ( 19 7 4 , 1 9 7 5 ) . 
The data l ie on a discordia : Tatsumoto et al . ( 19 7 2 ) determined 
intersections at 3 . 3  and 4 . 65 b . y . , but Tera and Wasserburg 
( 19 7 4 ) preferred 4 . 4 2 b . y .  with an upper l imit of 4 . 55 b . y .  They 
noted some disagreement with the Tatsumoto et al . ( 19 7 2 )  data , 
especially IJ. ( =  238Uj204Pb ) , and discussed their study to 
determine the effects of leaching during the analytical 
procedure . Tera and Wasserburg ( 19 7 4 )  concluded that 15555 
definitely contained radiogenic initial Pb but the data cannot 
distinguish whether this Pb is from the source of 15555  or a 
crustal contaminant . The upper discordia intersection may 
indicate that 15555  was produced from undifferentiated lunar 
mantle or from one which differentiated rapidly at -4 . 4 2 b . y . 
This study was expanded by Tera and Wasserburg ( 19 7 5 )  in 
obtaining an internal U-Pb isochron on 15555 . The most critical 
errors result from 2°4Pb terrestrial contamination, and isochrons 
including 204pb data are not ful ly convincing . They concluded 
that 15555  does have an internal isochron in reasonable accord 
with Rb-Sr and Ar-Ar ages ; the ages determined from intersections 
( cf .  slope)  are 4 . 3 6-4 . 4 3 b . y .  and 3 . 19-3 . 3 3 b . y .  ( Fig . 13 ) . 

Again , the simplest interpretation is of  a two-stage development 
with the source forming at - 4 . 4 2 b . y .  Nunes et al . ( 19 7 5 )  have 
the opinion that considering the possibilities of 3 - stage Pb 
evolution , a 4 . 4 2 b . y .  source age is merely conj ecture . 

15555 ( MARE BASALT ) 
INTERNAL ISOCHRON 

•2 
•1 

� 0 
'-" 

-1 l 

T 

PLAG 
PXI} 

• T. =440JE TR-j. -T� < 3.26tE 
.0 a.. � 0.6 

0.8 1.0 
238U/ � 

1.2 1.4 
........ .0 

,..a.. 0 N 0.4 

Zeta diagram for 1 5 5 5 5  showing 
deviations (in percent) of the data points 
from a best fit isochron . I = I 00 
[(Xm-Xc)/Xcl where m = measured and 
c = calculated. Xc is a point on the line at 
the same 2 0 7Pb/2 0 6Pb value as the mea
sured point. This representation is necessary 
for the evaluation of errors in the more 

0.2 L._--::cl::--.t__--:-�-.t__--:-�-.[_--;--':;--.[_� precise U-Pb data pre sen ted. 1 .6 L_ _____ _ 

U-Pb internal isochron for 1 55 5 5 .  If, on the basis of Rb-Sr data a lower intersection at 3 .3 AE is chosen then 
the isochron (passing through the center of total rock point) yields an upper intersection at the magic point 4 . 4 :'  
A E.  A best fit line yields 3 .26 AE and 4.40 AE respectively for lower and upper intersections. 

Figure 13 . U�Pb internal isochron ( Tera and Wasserburg , 1 9 7 5 ) . 
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Lightner and Marti ( 19 7 2 )  determined a U , Th-He age of 2 . 8  b . y .  
(with an assumed U abundance ) ,  again suggesting some rare gas 
loss . Anderson and Hinthorne ( 197 3 )  determined 207Pbj206Pb ages 
of 3 . 3 6 ± 0 . 06 b . y .  and 3 . 4 6 ± 0 . 09 b . y .  from ion microprobe 
analyses of an Y-Zr phase in 155 5 5 ,  and gave other Pb isotopic 
data . Rosholt ( 19 7 4 ) provided data on the 232Thj230Th activity 
in a discussion of radioactivity and its sources . 

Whole rock Sm-Nd isotopic data were presented by Lugmair ( 19 7 5 )  
(Table 7 a )  and discussed by Lugmair and Marti ( 19 7 7 , 197 8 ) . 
15555 l ies on a 4 . 4 0 ± 0 . 0 6 b . y .  isochron with 7 5 0 7 5  and 7 5 055 , 
and this was the last time that the sources of these samples had 
the common parameter of  a chondritic Sm/Nd ratio . (Not all mare 
basalts fall on this isochron . )  The source region for 15555  
evolved with positive epsilon until eruption at 3 . 3  b . y .  when 
l ight REEs were enriched , reducing Sm/Nd - 3 . 5% to the present 
near-chondritic ratio ( Lugmair and Marti , 197 7 ,  19 7 8 )  ( Fig . 1 4 ) . 
TwE is very imprecise at 6 . 18 ± 0 . 54 b . y .  because of this 
ratio . Whole rock Sm-Nd isotopic data was also presented by 
Unruh et al . ( 19 8 4 ) , in addition to whole-rock Lu-Hf data ( Table 
7b) . The whole-rock C Nd ( C Ndo in Table 7b)  is higher than the 
quartz -normative basalts 15065  and 1 5 07 6 .  The Lu/Hf ratio i s  
less than chondriti c ,  l ike a l l  mare basalts , thus C Hf has been 
fall ing s ince crystalli zation . 

The differential 143Nd evolution •J uv<n relative to 
Juvinas is shown for four ApoUo 17 basalts, one each Apollo 
1 1  and IS basalt, green glass 15426, one each KREEP basalt 
and clast and troctolite 76535. 

Figure 14 . Sm evolution ( Lugmair and Marti , 197 8 ) . 
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RARE GASES AND EXPOSURE AGES : Exposure ages calculated from rare 
gas isotopic data are listed in Table 8 ,  and are consistent . 
Podosek et al . ( 19 7 2 ) stated that their 9 0  m . y .  age is an upper 
l imit for excavation from a depth greater than the equivalent of 
1 0 0 0  gjcm2 burial , and excavation could be more recent from 
shallower depths . Exposure ages determined from cosmic ray 
tracks are lower : 3 4  m . y .  ( Behrmann et al . ,  197 2 ) : 1 m . y .  
( suntan) and 2 6  m . y .  ( subdecimeter) ( Bhandari et al . ,  197 2 ) ; 

maximum 2 6  ± 5 m . y .  ( Poupeau et al . ,  197 2 ) ; less than 5 m . y .  
( Fleischer et al . ,  1 9 7 3 ) , and presumably indicate that rare gas 
exposure was at shal low depth rather than actually at the 
surface . 

Apart from the studies l isted in Table 8 ,  which present cons id
erable rare gas isotopic data , He , Ne , and Ar isotopes were 
studied by Megrue ( 19 7 3 )  using laser probe mass spectrometry in a 
search for primordial lunar gases . No unequivocal evidence for 
such gases exist : Megrue ( 19 7 3 )  concluded that He , Ne , and Ar are 
mainly of solar wind origin ( similar to Apollo 12 foil exper
iment) with some cosmogenic contribution . Data collected from a 
vug on the surface indicate that vugs may be very efficient 
collectors of solar wind irradiations . Fireman ( 19 7 2 )  inves
tigated 37Ar and S9Ar produced from flares and rays , and 
attributed the S7ArjCa to solar flares in the few years before 
the mission. Fireman et al . ( 19 7 2 ) tabulated information on 3H ,  
37Ar , and 39Ar at several depths i n  1555 5 ,  again correlated with 
solar flare activity . Marti and Lightner ( 19 7 2 ) found that Ne , 
36Ar , and 38Ar are almost purely spallation products ; in contrast 
Kr and Xe have sizeable trapped componee been made to determine 
exposure ages ( above ) , exposure history , and erosion rates . 
Behrmann et al . ( 19 7 2 )  noted that the depth dependence o f  track 
intensity i s  flatter than would be expected o f  a s imple exposure 
history , and that the sample was buried under a few centimeters 
of soil until recently ; solar flare tracks are not observed on 
the outer part . An upper l imit of 1 . 3  + 0 . 1  mmjyr mass wastage 
erosion i s  calculated from a comparison of the 2 6  m . y .  track age 
with the - 8 5  m . y .  rare gas age . Bhandari et al . ( 19 7 2 , 197 3 )  
diagrammed the track profile ( densityjdepth) ( F ig .  1 5 ) . Poupeau 
et al . ( 19 7 2 )  determined track densities at the center , midway , 
and surface of the sample . The latter are more dense and result 
from solar flares . Fleischer et al . ( 19 7 3 ) also determined track 
densities at various locations within the sample . The study of 
Fireman ( 19 7 2 ) on rare gases was to elucidate the exposure of 
15555  to the solar wind . 
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TABLE 15555-8 . Rare gas exposure ages (m . y . ) for 1 5 5 5 5  

I REFERENCE Ar He 

IHusa�-n ( 19 7 4 ) 8 0  ± 1 0  7 7a !Husain et al . ( 19 7 2 )  8 P  

York et al . ( 1 9 7 2 a )  7 9h , 7 2 

Podosek et al . ( 19 7 2 )  g oc ± 1 0  

lMarti and Lightner ( 19 7 2 )  

Notes : 

( a )  unirradiated 
( b )  g iven as 8 1  in York et al . ( 19 7 2 b )  
( c )  plagioclase 

Surface irradiation and evolution of the lunar regolith 
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Figure 15 . Track density profile ( Bhandari et al . ,  197 3 ) . 
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PHYSICAL PROPERTIES : Basic magnetic measurements and NRM deter
minations are presented by Col l inson et al . ( 19 7 2 , 197 3 ) , Pearce 
et al . ( 19 7 2 , 197 3 ) , and Dunn and Ful ler ( 19 7 2 ) . Nagata et al . 
( 197 2 ,  19 7 3 )  presented basic magnetic data and Hargraves et al . 
( 19 7 2 ) presented NRM results . The results are in general 
agreement that 15555  contains l ittle iron ; that present is 
predominantly multidomain and exhibits a very small NRM . 
Demagneti z ation curves from different laboratories ( Fig . 1 6 )  are 
in good agreement , except that Pearce et al . ( 19 7 3 ) found that 
dema�netization did not yield meaningful data ( attributed to 
multldomain iron grains dominating the sampl e ) . The hard NRM is 
fairly stable , but weaker than other samples of  s imilar age , and 
scatter probably results from the high noise level s  for such weak 
fields . The direction is roughly constant ( Coll inson et al . ,  
197 2 ) . Nagata et al . ( 19 7 3 )  presented a thermomagnetic curve 
( intensity vs . temperature ) ( Fig . 17 ) without specific 
discuss ion . 

,a-7L_1--'-00=--�2ooo::---:;3:!;;oo;---4�o"'o -�sa:V:a�-.6�ono -

FIELD (pk Oe) 

Fig. 1 6a 

Alternating field demagnetization of Apollo 15 samples. Vertical bars indicate 
range of intensities obtained after repeated demagnetization. 
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Fig. 1 6b 
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Figure 1 6 . AF demagnetization . 
( b )  Dunn and Ful ler 
( 19 7 2 ) .  

1 5 5 5 5  

155 5 5 - 1 3 2  

IRM 

TRM 0.2 oE 
-<>-------· 

2 0  4 0  6 0  80 100 

AF demagnetization characteristics of 1 5:'155, 1 32 .  

Fig. 1 6c 

( a )  Col l inson et al . ( 197 3 ) ; 
( 19 72 ) ; ( c )  Hargraves and Dorety 
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F igure 17 . Thermomagnetic curve ( Nagata et al . ,  197 3 ) . 

Schwerer and Nagata ( 19 7 6 )  applied a technique o f  magnetic 
granulometry to previously reported data for the temperature 
dependence of isothermal remanent magneti z ation . They arrived at 
the conclusion that , while igneous rocks general ly have a larger 
fraction of metallic iron as fine particles , 1 5 5 5 5  is an extreme 
case in which particles with mean diameters less than 1 0 0  A 
account for about 8 8 %  of the total metal l ic iron . 

Chung and Westphal ( 19 7 3 )  tabulated and plotted ( Fig . 1 8 )  
dielectric data without specific discuss ion , and other electrical 
conductivity measurements were presented by Schwerer et al . 
( 19 7 3 , 1 97 4 )  for different oxidation-reduction conditions ( Fi g .  
19 ) . Schwerer e t  al . ( 19 7 3 ) also presented Mossbauer spectra for 
an interior portion and surface scrapings taken under oxidis ing 
conditions fol lowing a reduction process . 
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Dielectric constant of sample 15555,88 as a function of frequency and 
temperature. 
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Dielectric losses in sample 15555,88 as a function of frequency and temperature. 

1 5 5 5 5  

LUNAR SAMPLE 15555 

Elel·trical conductivity of sample 15555,88 as a function of frequency ami 
temperature. 

Figure 18 . Dielectric spectra ( Chung and Westphal , 197 3 ) . 

Tittmann et al . ( 19 7 2 a , b ) found unusually low elastic velocities 
for 15555 : Rayleigh wave (velocity (VR) of 0 . 2 8 -0 . 3 3 kmjsec ; 
bulk longitudinal wave velocity (Vp )  0 . 7 0- 0 . 9 5 kmjsec . These 
low velocities result from microfractures , i llustrated on an SEM 
photograph in Tittmann et al . ( 19 7 2 a ) . Warren et al . ( 19 7 3 ) also 
measured acoustic velocities under uniaxial loading ( Fig . 2 0 ) , 
also demonstrating low values . They also measured the internal 
friction ( Q )  on a glass of 15555 composition . Chung ( 19 7 3 )  
determined elastic wave velocities under confining pressures from 
0 . 5  to 7 kb ( Fig . 2 1 ,  Table 9 ) , under which pressures the 
acoustic velocities are similar to those of other rocks . 
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V[LOC I J'r  II'IM ;1 ., , 

"'- 1z  -6 -z 1 0  VHOC I TY  IHI'ItSl 
MOssbauer spectra of an interior portion and surface scrapings of Apollo sample 

!5555 afler annealing at 8000C first in He-H,, then ia He--0,. 

Fig. 1 9b 

I� 

{10�/T). K -I 

Fig. 1 9a 

ApoUo 15 8amlt 
15555 

Electrical conductivity (de, full symbols; ac, open symbols) for lunar basalt 

(Apollo 155.55) in reducing and oxidizing atmospheres (lower and upper sets of curves, 

respectively). Solid lines are results of least·squares fit to Equation I. (for purposes of 
presentation. data for the O){idizing environment have been reduced by a factor of 100.) 

Figure 1 9 . ( a )  Mossbauer spectra and (b)  electrical conductivity 
( Schwerer et al . , 1974 ) . 
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Figure 2 0 . Seismic velocity as a function of pressure ( Warren 
et al . , 1 9 7 3 )  . 
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TABLE 1 5 5 5 5 - 9 . Elastic wave velocities for 1 5 5 5 5  (Chung, 19 7 3 }  

I I . I 
1= - ---=d 
� p ' 
:( kmj sec) 

r:-+ s ' 
\( kmj sec)j 

0 . 5  1 . 0  1 . 5  

5 . 6  6 . 1  6 . 4 5 

2 . 6  3 . 0  3 . 2 4 

Pressure, kb 
2 . 0  3 . 0  4 . 0  5 . 0  6� 
6 . 6 6 6 . 9 0 7 . 0 2 7 . 1 4 7 . 2 5 7 . 3 0 

' 
' 
' 

3 . 4 5 3 . 6 6 3 . 7 6  3 . 87 3 . 9 4 4 .  0 1! 
---------�--- -

Hemingway et al . ( 19 7 3 ) tabulated and plotted specific heat 
determinations over a temperature range of 8 3 . 5 6°K to 3 6 3 . 5 3°K 
( Table lO ) . The data are s imilar to those for other lunar rocks 
and soil s .  

TABLE 1555 5-10 . Specific heat measurements for 15555  ( Hemingway 
et al . ,  197 3 ) . 

Temperature Specific heat Temperature Specific heat Temperature Specific heat 
'K J/(gram · K) OK J/(gram · K) OK J/(gram · K) 

83.56 0.2088 ! 87.06 0.5 180 293.09 0.7556 

94.05 0.2414 197.83 0.5456 303.77 0.7703 

103.71 0.27 1 5  208.68 0.5736 3 1 3 .96 0.7895 

! 1 3 .58 0.3038 2 18.95 0.5983 323.97 0.8071 

1 24.82 0.3389 230.05 0.6230 333.68 0.8222 

1 36.5 1 0.3749 240.98 0.6481 343.36 0.8397 

143.07 0.3946 249.20 0.6648 353.28 0.8565 

154.35 0.4276 260.22 0.6874 363.53 0.8728 

1 65 .24 0.4586 27 1 .2 1  0.7084 

176.18 0.4879 28 1 .80 0.7330 

Adams and McCord ( 19 7 2 ) and Charrette and Adams ( 19 7 5 )  presented 
reflection spectra for 15555 , and Brito et al . ( 197 3 )  made thermo
luminescence studies on six samples from the center to the 
outside . 
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Cukiermann and Uhlmann ( 19 7 4 )  studied the viscous flow behavior 
of a 15555-l ike compos ition glass at 6 2 0° to 7 0 0°C and 1 2 15° to 
1 4 0 0°C under mildly reducing conditions . They also studied the 
e ffect of oxidation state on viscosity ,  finding that a decrease 
in Fe2+jFe3+ produced a dramatic increase in viscosity . 

Cukiermann et al . ( 19 7 3 )  also reported data on the viscosity of a 
s imilar glass samp l e ,  as well as on the crystall i zation kinetics ; 
15555 does not easily form a glass . 

PROCESSING AND SUBDIVISIONS : 15555 has been widely spl it ,  
including the production of sawn slabs , resulting in about 8 0 0  
subsamples . S everal allocations were made from undocumented 
chips loose in the sample container . The basic subdivis ions are 
shown in F igure 2 2 . Nearly all the thin sections are from 
subdivisions of slab , 57 ,  with the exceptions of several made 
from , 14 ,  an undocumented loose fragment ( Fig . 2 3 ) . The l arge 
pieces , 4 7 ( 3 65 4  g )  and , 56 ( 2 2 2 6  g) are still intact . , 58 has 
been subdivided into numerous subsamples , many of which are 
1 0 0 - 3 0 0  g .  A l arge proportion of these are now PAO samples . 

,53 ----ili!J--
,202--¥,--'-','-.........,: 

,176-

,lTr 

Figure 2 2_ .  Main subdivis ion of 1555 5 . 
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Figure 2 3 . Subdivision of slab 15555 , 57 .  
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1 5 5 5 6  FINE-GRAINED OLIVINE-NORMATIVE ST . 9A 1 54 2 . 0  g 
MARE BASALT 

INTRODUCTION : 1 5 5 5 6  is a. medium-grained, extremely vesicular 
olivine-normative basalt containing small ol ivine phenocrysts . 
It is - 3 . 4  b . y . old . According to the Apollo 1 5  Lunar Sample 
Information Catalog ( 197 2 ) , a 1-cm xenol ith occurs on one face . 
A few percent yellow-green ol ivine phenocrysts are visibl e .  The 
basalt is medium gray , subrounded ( Fig . 1 ) , and tough . The 
sample was barely in the soi l ,  lacking fillets or much dust 
coating , and has zap pits on all surfaces . 

1 5 5 5 6  was collected approximately 6 0  m northeast of the rim of 
Hadley Rill e ,  from an area in which rocks as large as 2 0  em are 
common . Its orientation was documented . 

Figure 1 .  Macroscopic view of 1555 6 ,  showing large vesicles on 
" B "  side . 
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PETROLOGY : The sample is conspicuous because of its vesicles . 
They show a continuous change from one side of the rock to the 
other in both s i z e  and abundance , which both increase as the 
rock ' s  apparent grain s i z e  decreases . However ,  thin sections 
reveal no conspicuous change in grain s i z e  across the rock ( Fig . 
2 )  although they do in vesicularity . There appear to be fewer 
and smaller ol ivine phenocrysts in those thin sections with more 
vesicles than in those with fewer vesicles . The largest vesicles 
are almost a centimeter acros s .  

Little o n  the petrology of 1 5 5 5 6  has been publ ished . The Apollo 
15 Sample Information Catalog ( 19 7 2 )  gave a mode for thin section 
, 15 of 5 0 %  cl inopyroxene , 3 0% plagioclase , 5% olivine , 5% cristo
hal ite , 3% ilmenite , 3 %  ulvospinel , 2 %  chromite,  1% mesostasis , 
and traces of Fe-Ni metal and troil ite . Rhodes and Hubbard 
( 19 7 3 )  reported a mode with 57% pyroxene , 3 8 %  plagioclase , and 
only 0 . 1% olivine . 

Inspection of thin sections shows ragged , corroded olivines , and 
ragged l aths of plagioclase which partly enclose general ly 
granular , small c l inopyroxenes ( Fig . 2 ) . Except for the size of 
vesicles , this texture is common across the sample . Brunfelt et 
al . ( 19 7 3 )  made microprobe analyses of pyroxenes ( Fi g .  3 )  in 
conj unction with their chemical analyses of mineral separates . 
El Goresy et al . ( 19 7 6 )  made analyses of spinels . The spinels 
occur as corroded and rounded chromite cores ( inclus ions)  in cr
ulvospinel ; analyses are diagrammed in Figure 4 .  El Goresy et 
al . ( 19 7 6 )  discussed the compositional z oning and substitutional 
trends . Engelhardt ( 19 7 9 )  tabulated ilmenite paragenesis . 
Huffman et al . ( 19 7 2 , 1974 , 1 9 7 5 )  made Mossbauer and magnetic 
studies of 1555 6 , finding clear evidence for olivine , and 
analyzing the distribution of Fe among phases . Huffman et al . 
( 19 7 5 )  interpreted the spectra as requiring subsol idus reheating 
of the sample for a long t ime at moderate temperatures . 

Garvin et al . ( 19 8 2 )  studied the physical properties ( length , 
width , distance to nearest neighbor , etc . ) of the vesicles , 
finding an average diameter of 4 . 1  mm . Calculations of the 
vesicle distribution are consistent with a magma ascending at 
0 . 2 0  mjsec with 8 0  to 4 0 0  ppm dissolved co . The magma rise rate 
is more influential in these calculations ·than is viscos ity . 
These authors do not discuss the variation of vesicles across the 
sample . 
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Fig. 2a 

FiH. 2b 

Figure 2 .  Photomicrographs of thin sections , all  to same scale 
( a )  1555 6 , 1 3 2  from one end with smal l  vesicles , 
transmitted l ight ; (b)  as ( a )  crossed polariz ers . 
''ol '' is a single , corroded ol ivine grain ; ( c )  
155 5 6 , 13 0 ,  from other end , with large ves icles ( not 
shown) , transmitted l ight ; ( d )  as ( c )  crossed 
pol arizers . 
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Fig. 2c 

Fig. 2d 
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Figure 3 .  

Figure 4 .  
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EXPERIMENTAL PETROLOGY : Humphries et al . ( 19 7 2 )  conducted low
pressure crysta l l i z at ion experiments on 15556 ( Fig . 5 ) . It has a 
high-temperature ol ivine liquidus , with p igeonite the second 
sil icate phase to crystall iz e . The sample is substantially 
crystal l ine at anorthite crystal l i z ation . They prefer the 
interpretation that the sample is not a liquid composition , but a 
mafic cumulate . 

CHEMISTRY : Chemical analyses are l isted in Tabl e  1 ,  with rare 
earths shown in Figure 6 .  The analyses , which generally are not 
specifically discussed by their authors , are quite consistent 
with each other and have the high iron and titanium of Apollo 15 
olivine-normative basalts . According to the low MgO , it is a 
fairly evolved member of the group . Rhodes ( 19 7 2 )  analyzed spl it 
, 5  but did not publish the analysis , us ing it only in an average 
of oliv ine-normative basalts . Brunfelt et al . ( 19 7 3 )  also 
reported mineral separates data for plagioclase , pyroxene , and 
ol ivine . 

Ganapathy et al . ( 19 7 3 ) noted a strong enrichment in Cd ( - l Ox) 
over other Apollo 1 5  mare basalt samples , and suggested that Cd 
was in the gas phase which gave the rock its ves icularity . They 
also profess doubt on their Rb analysis , but only because it 
differs from that reported by other l aboratories . Muller ( 19 7 6 )  
cited the disparity between his nitrogen analyses a s  a probable 
result of sample heterogeneity , although both sets were on the 
same split , 2 5 .  

Desmarais et a l . ( 19 7 4 )  found a H concentration of 4 micro
molesjgm ( pyrolys i s ) , much lower than soils . The H is even lower 
than other mare basalts , consistent with outgassing manifested in 
the vesicularity . Gibson et al . ( 19 7 5 )  analyzed for co , co� , H2 , 
H2S ,  and metallic iron . Gibson and Andrawes ( 19 7 8 )  analyzed gas 
released on crushing the sample , finding no active gases , e . g .  
nitrogen less than 10 ppm . 

Goldberg et al . ( 19 7 6 )  analyzed for F in the surfaces of vesicle 
and inter-vesicle areas , in a study a imed at determing the 
composition of the gas which formed the vesicles . They found 
more F in the vesicles than in intervesicle areas for fresh-sawn 
samples . The ves icle F abundance is still - lOx less than on 
Apollo 15 Green Glass , a result of either different gas composi
tions or more efficient condensation on the faster-cooled glass . 
Neither F or S would have enough total pressure to have formed 
the vesicles , the gas for which they believe to have been mainly 
co . 
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Low-pressure crystallization , black dots ( Humphries et 
al . ,  1972 ) 
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·l'ABLF: 1 5556-l , Chenical analyses of OOlk rock 
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STABLE ISOTOPES : Clayt:on et al . ( 197 4 )  reported oxygen isotope 
analyses for mineral separates ( Table 2 ) . The data is consistent 
with fractionation at temperatures of - ll 0 0°C . 

Gibson et al . ( 19 7 5 )  reported typically magmatic sul fur isotopes 
( .S S4S )  of +0 . 9 .  Lipschutz et al . ( 19 7 3 )  reported a sov j51V 
isotopic ratio , in part of a search for early , energetic charged 
particle radiations . Strasheim et a1 . ( 19 7 2 ) reported a 7Lij6Li 
ratio of 12 . 2 .  

RADIOGENIC ISOTOPES AND GEOCHRONOLOGY : Kirsten et al . ( 1972 ) 
analyz ed Ar isotopes and found a total K-Ar age of 3 . 4  ± 0 . 1  
b . y .  Temperature releases were not reported . [ Strasheim et al . 
( 19 7 2 ) stated that the 7Lij6Li relation leads to an age of 3 . 0 5 
b .  y .  , but no details oj: the 11method 11 were given . ] 

RARE GASES AND EXPOSUR� : Kirsten et al . ( 19 7 2 ) reported rare gas 
isotopic data and found consistent exposure ages from three 
methods : 3He 4 9 0  ± 5 0  m . y . , 21Ne 5 2 5  ± 4 0  m . y . , 38Ar 4 9 0  ± 5 0  
m . y .  Rancitell i  et al ._ ( 19 7 2 ) measured cosmogenic radionucl ides , 
finding a long exposure relative to the 26Al halflife . The 
sample has a high 26Alj22Na ratio in comparison with other mare 
basalts , perhaps because it had been barely buried in the lunar 
regol ith . 

PHYS ICAL PROPERTIES : Nagata et al . ( 19 7 2 a , b ,  1 9 7 3 , 19 7 4 )  reported 
basic magnetic and NRM data for , 3 7 and , 3 8 ( Figs . 7-9 ) . Unl ike 
most other basalts , kamacite with a few per cent nickel rather 
than metal almost l acking Ni appears to be the maj or 
ferromagnetic phase . , 3 8 was spl it into two parts , one black , 
the other gray . The black has a strong NRM , and the gray a weak 
NRM s imilar to , 3 7 ,  also gray . The NRM has a hard component 
-1xl0-6 emujgm , with a direction reasonably invariant for AF 
demagnetiz ing fields greater than 1 0 0  Oe . rms ( Figs . 8 ,  9 ) . 
Partial thermo-remanent magneti z ation increases steadily with 
temperature to 8 0 0°C , and i f  the stable component of NRM can be 
attributed to PTRM , an ambient lunar field of 3 4 0 0  gammas ( Nagata 
et al . 197 3 )  or - 2 0 0 0  gammas ( Nagata et al . l972b)  is imp l ied . 
Schwerer and Nagata ( 19 7 6 )  appl ied the technique of magnetic 
granulometry to the published magnetic data , tabulating 
distribution parameters for fine-grained ( 3 0-150 �) metallic 
iron . Brecher ( 19 7 5 , 19 7 6 )  l i sted 15556 under two sections of 
her l ists of sampl es which sh6)W 11textural remanence . 11 

Gold et al . ( 19 7 4 , 1975 , 19 7 6 )  made Auger spectra of pulveri z ed 
rock , finding that pulverized rock has a higher albedo than soils 
because the soil grains have more iron in their surfaces . Solar 
wind s imulation experiments , with a -particles in the case of 
1555 6 ,  caused an increase in Fe/0 and Ca/0 in surfaces ( shown by 
Auger analysis) . The experiments strongly support the model that 
selective sputtering of oxygen and other l ight elements by solar 
wind irradiation is the cause of lower albedo in soils . 
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I . . , 

TABLE 1 5 5 56-2 . 

I Plag 

5 . 88 
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( Cl ayton et al . 197 2 )  
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Thermomagnetic curve of Apollo 1 5  basalt No. 1 5556-38 in temperature range from 
20 to 820 "C. 

Figure 7 .  Magnetic hysteresis loops (Nagata et al . ,  197 4 ) . 
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F igure 8 .  
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Figure 9 .  

Dependence of the coercive force ( left)  and the 
saturation remanent magneti z at ion ( right ) upon 
temperature (Nagata et al . 1  197 4 ) . 
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PROCESS ING AND SUBDIVISIONS : Two chips , 1  ( 18 . 0  g )  and , 2  ( 6 . 1  

g )  (which were loose in the ba� with 155�6 but fitte� onto broken 

surfaces i . e . documented) prov�ded the f �rst allocat�ons . Two 
potted butts , 3  and , 10 ,  from , 2  and , 1  respectively, provided 
all the thin sections until a new slab was cut in 1981  (below) . 
A saw cut was made through 15556  and the end piece dissected for 
allocation ( Fig . 1 0 ) . The remainder o f  , 3 6 is in remote storage . 
A few pieces were incorporated into educational disks . I n  1 9 8 1  a 
new saw cut ( Fig . 1 0 )  was made from , 0  ( now 1184 . 1  g )  to produce 
thin sect ions directly relatable to the vesicularity variation 
(Table 3 )  and other sub-samples . 

Figure 1 0 .  sawing of 1 5 5 5 6 . The slab produced in the 19 8 1  sawing 
is roughly indicated with a dashed line . 
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POTTED BUTT 
I 3 

1 1 0  
1 112 
, 1 13 
, 11 6  
, 12 8  

1 5 5 5 6  

TABLE 1555 6-3 Thin sections o f  1 5 5 5 6  

RELATION TO VESICLES 
Middle ? 
Middle ? 
Middle 
Bottom , large vesicle 
Top , smal l  vesicles 
Middle 
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THIN SECTIONS 
, 15 , 18 , 19 , 3 2 , 3 4 , 3 5 , 13 6 , 13 7 , 1 3 8  
, 16 , 2 8 , 2 9 , 3 0 , 3 1  
, 12 9 , 1 3 1  
, 13 0  
, 13 2  
, 13 3  
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15557 FINE-GRAINED OLIVINE-NORMATIVE ST . 9A 2 5 18 . 0  g 
MARE BASALT 

INTRODUCTION : 1 5 5 5 7  is a fairly fine-grained ol ivine-normative 
basalt containing smal l  ( - 1 . 5  mm) ol ivine phenocrysts . It is 
well-rounded ( Fi g .  1 ) , light to medium gray , and tough . It had a 
wel l-developed fillet and has a few zap pits . 

15557 was col lected about 4 0  m north of the rim of Hadley Ril le 
from an area with few large fragments . Its orientation was 
documented . 

PETROLOGY : The sample is a microporphyritic ol ivine-normative 
basalt with an intergranular groundmass ( Figs . 2 ,  3A) , and with 
irregularly distributed smal l  cavities . The olivines are 
macroscopically visible as small yellow green subhedral crystals , 
none l arger than 3 mm . 

Heuer et al . ( 19 7 2 ) and Nord et al . ( 19 7 3 ) made optical and high 
voltage electron microscopy studies on thin section , 3 6 ,  
describing the sample as a finer-grained ol ivine basalt with an 
intergranular texture . The ol ivines occur as - 1 . 5  mm , anhedral 
crystals ( 10 to 1 5 % )  which are sl ightly z oned and rimmed with 
pyroxene . Augite and p igeonite ( - 5 0 % )  occur as discrete grains , 
but with some p igeonite mantl ed with augite .  Pyroxenes show some 
apparent fine exsolution microscopically . Most are granular 
grains poikilitically included in l arge ( - 0 . 5 -1 . 5  mm) plagio
clases which form about 3 5 %  of the rock . The remaining 5 %  
consists of cristobal ite , ilmenite , ulvospinel ,  troilite , and 
Fe-metal . High voltage electron microscopy studies showed that 
the plagioclase was z oned , with a marked variat ion in size of b
domains with position in the crystal ,  with the smal lest domains 
in central ,  Ca-rich areas ( as previously observed in other 
samples) . They suggest a potential for using b-domain s i z e  to 
establish cool ing rates . Pyroxene microstructures are similar to 
those in 15555 . 

Bell et al . ( 19 75 ) , in a general study of symplectites in 
ol ivines in lunar sample s ,  described olivines in 1 5 5 5 7  which have 
two z ones of symplectites . One is in the core ( Fo71 ) ,  another 
near the outer edge ( Fo69 ) , with symplectite-free z ones between 
and at the crystal edge . These symplectites are " rosettes" . 
Bel l  et al . ( 19 7 5 )  presented three microprobe analyses of 
ol ivines and an average of two s imilar symplectites (bulk 18 . 4 % 
Cr203 ) ,  and noted that there is not much symplectite present . 

CHEMISTRY : Published analyses are presented in Table 1 ,  and 
rare-earths shown in F igure 4 .  The original papers presented 
little specific discussion , general ly noting a s imilarity with 
other olivine-normative basalts . The MgO and Ti02 contents 
suggest a fairly evolved member of the group . In addition to the 
data tabulated , Fe203 was analyzed for , but not found , by 
Christian et al . ( 19 7 2 ) /Cuttitta et al . ( 19 7 3 ) and Maxwel l  et al . 
( 19 7 3 )  � the latter also found a lack of H,o . cuttitta et al . 
( 19 7 3 ) erroneously l isted S i02 as 2 5 . 74 %  1nstead of 4 5 . 7 4 % . The 
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F igure 1 .  Whole rock sample prior to sawing . 

Figure 2 .  Part of sawn slab .  
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Fig. 3a 

Fig. 3b 

Figure 3 .  Photomicrographs o f  15557 , 9 6 ( a )  transmitted l ight , 
general view showing o l ivine phenocrysts,  granular 
pyroxenes , and plagioclase ; (b)  same view as ( a ) , 
crossed polarizers ; ( c )  radial plagioclase growth ; ( d )  
same view as ( c ) , crossed polari zers . 
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Fig. 3c 

Fig. 3d 
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TABLE 15557-1 

, 27 ,40 ,29 ,42 ,0 ,41  ,24 ,24 ,65 ,66 ,67 ,47 , 1 

lit.  % Si02 45.74 45.06 45.01 
Ti02 2 . 55 2.43 2 . 53 
Al203 8 . 88 8.82 8.84 
FeO 22.35 22.50 22.68 
M 0 9 . 43 9 . 52 9 . 38 
CaO 10. 29 10.05 9 . 99 
Na20 0.27 0.34 0.25 
K20 0.05 0.04 0.045 0.0410 0.041 
P205 0.07 0.07 0.071 

ppm Sc 
v 185 
Cr 3100 4600 4000 4700 
Mn 2200 2250 2200 
Co 60 0 
Ni 49 56 
Rb <I <2 
Sr 105 96.4 
y 37 24. 2  
Zr 63 88.4 
Nb 12 6 . 1  
Hf 2 . 3  
Ba 40 55 
Th 0 . 45 0.44 
u 0.14  0.045 �0. 18 �0. 14 �0.25 0. 131 

Pb 
La 22 s. 7 
Ce 16. 1 
Pr 
Nd 12. 1 
Sm 4.36 
Eu 1 . 10 
Gd 5 . 8  Tb 0.98 
Dy 6 . 43 
Ho I .  3 
Er 3 . 6  
Tm 
Yb 4 . 4  2 . 64 
Lu 0 . 39 
Li 6.9  5 .6  
Be 
B 
c 
N !Be 
s 650 900 673 
F 
C1  8.4a 
Br 0.04la 
Cu 14 
Zn <4 1 . 3  

ppb I ! . 8  
At 
Ga 4900 3600 4000 
Ge 14 

s 
Se 
Mo 
Tc 
Ru 
Rh 
Pd 

2200 
Cd 2 . 0  
In o.so 
Sn 
Sb 
Te 7 . 5  
Cs 35 
Ta 
w 
Re 
Os )0 . 24 1 . 4  0.21  
Ir 0.061 
Pt 
Au 0.084 
Hg 5 . 4b 0.98b ! . 4b 
Tl 
Bi 

(!) (2) (3) (4) (5) (6) (7) (7) (7) (7) (8) (9) (IO) 
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References f o r  Table 1 5 5 5 7 · 1  

References and methods: 

( 1 )  Christian e t  al. ( 1972 ) ,  Cuttitta e t  al.  ( 1973 ) ;  XRF and others 
(2)  Maxwell et-ar:-Tl972 ) ;  Several 
(3)  Willis e�( l972 ) ;  XRF 
(4)  Helmke etii"f:" ( 1973);  INAA, RNAA ( 5 ) O 'Kelley et al. ( 1972 ) ;  Gamma ray spectroscopy 
(6) Kothari and Goel ( 1972 ,  1973) INAA 
(7)  Reed and Jovanovic ( 1972 ) ;  NAA (8) Baedecker et al . ( 1973 ) ;  RNAA 
(9)  Thode and Reea (1972) 
( 10) Rancitelli et al . ( 1972 ) ;  Gamma ray spectroscopy 

Notes : 

(a) Combined leach and residue. 
(b) Data for (130° removal also tabulated. 
(c) Weighted Mean of four analyses: 17, 1 7 , 2 1 , 19 ppm. 

, 42 - He lmke et a l .  ( 1973) ;  !NAA 

La Ce Pr Sm Eu 

Rare Earth Element 

LEGEND: SPECIFIC H� . 42 

Ho Er Tm Lu 

Rare earths in 15557 . 
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data o f  Baedecker et a l . ( 19 7 3 ) i s  the average of two replicates , 
individual ly tabulated by those authors . 

STABLE ISOTOPES : Thode and Rees ( 19 7 2 ) found o 34S of +0 . 3 9 ,  
s imilar to other basalts and different from regoliths . 

EXPOSURE AND TRACKS : E ldridge et al . ( 19 7 2 ) and Rancite l l i  et 
al . ( 197 3 )  presented cosmogenic nucl ide dat a ,  with s imilar 
results indicating a long surface age compared with the 26Al 
hal f-life (Yokoyama et al . 197 4 ) . Bhandari et al . ( 19 7 2 , 19 7 3 )  
studied tracks in an interior and an exterior chip , finding track 
densities of 9 to 14 x 1 06 cm-2 . The data produce a " suntan" age 
of less than 1 m . y .  

PROCESSING AND SUBDIVIS IONS : A slab was cut from the sample and 
substantially dissected ( Fig . 5 ) . The two end pieces , o  ( 18 3 8  g )  
and , 1  ( 4 0 6  g)  remain intact , the l atter i n  remote storage . O f  
the other slab pieces , only , 4  ( 10 . 4  g ) ; , 8  ( 2 6 . 4  g ) ; and , 17 
( 3 2 . 5  g )  are now more than 10  grams . A few small chips went into 
educational disks . All thin sections ( , 9 0 to , 9 6 )  were made from 
, 5 5 ,  except , 7 6 which was made from , 3 6 .  

� .. �..,. .. 
LL�.J 

F igure 5 .  Subdivisions of 15557 . 
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15558 REGOLITH BRECCIA, GLASS-COATED ST . 9 ?  1 3 3 3  . o  g 

INTRODUCTION : 15558 is a regolith breccia derived mainly from 
mare components . It i s  gray , subangular, and has several large 
fractures ( Fig . 1) and small areas of vesicular glass . A few zap 
pits occur on all surfaces . Its collection s ite is uncertain and 
its col lection was not photographed , but it was probably 
coll ected at Station 9 ( Baileyand Ulrich ,  1975 ) . 

PETROLOGY AND EXPERIMENTAL PETROLOGY : 15558  contains mineral , 
l ithic , and glass fragments and bal l s ,  set in a brown , glassy 
matrix (Fig.  2 ) . Most of the l ithic fragments are mare basalts 
with a range of textures , with a few Apollo 15 KREEP basalt 
fragments and only rare breccia fragments . Brown or colorless 
spheres are the predominant glass type . 

Humphries et al . ( 19 7 2 ) performed crystall i z ation experiments on 
a synthetic 15558 composition ( 11Rille breccia11 in Fig . 3 ) . They 
found that plagioclase crystal l i z ed earl ier than pigeonite and at 
a higher temperature than in the basalts : compared with bed-rock 
basalts , the breccia ( and soil ) is enriched in an Mg-norite or 
pyroxene-anorthosite component . 

CHEMISTRY : Chemical analyses are l isted in Table 1 ,  and demon
strate s imilarities with Station 9 and 9A soils .  According to 
Schonfeld ( 19 7 5 )  the composition can be generated by a mixture of 
3 3 %  brown breccia ( other soil breccias ) ,  4 5 %  ol ivine-normative 
basalt ,  15% Apollo 15 KREEP , and 1 . 0% meteoritic and 0 . 4 % granite 
components . 

RARE GASES : Bogard and Nyquist ( 19 7 2 ) reported Xe and Kr 
isotopic analyses for an interior chip , without specific 
discuss ion . 

PROCESSING AND SUBDIVISIONS : Very l ittle has been removed from 
1555 8 . A few small pieces , including , 4  and , 11 from which all 
the thin sections were made , were chipped . Subsequently the rock 
spl it along one of its fractures to produce , 2 1 ( 3 2 8  g) , now in 
remote storage , and , 2 2 ( 9 4 4 . 2  g ) . 
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Figure 1 .  Macroscopic views of original sample showing 
fractures ,  glass patch , basaltic clasts , and zap pits . 
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"- Figure 2 .  Photomicrograph of breccia matrix of 15558 , 9 ,  

. � 

transmitted l ight . 

1 l!SC 

:)fh) 

11,0 

i l}J 

!}00 

11BO 

1160 

\!(.Q 

1100 

Synthet1c Compos1t10ns 

T • 0 0 

ol sp lq, 

• 0 0 

• 0 0 

• 
ol plog 

ol plag ptg ore tq 
• 0 0 

• 0 0 

J. J. J. 
R1lle So•l R1l\e BreCCia Average Coml?rehens''" 

Figure 3 .  Experimental results of crystalli zation of a synthetic 
15558 composition (black dots ) and basalt and soil 
samples for comparison (Humphries et al . ,  197 2 ) . 
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TAI!LE 15558- l .  Chemical analyses of 
bulk breccia 

, 2  , 2  
Wt.  % 5102 46 . 3 1  

T102 1 . 89 
Al203 1 2 . 40 
FeO 16. 54 
MsO 10. 5 1  
CaO 10. 18  
Na20 0.42  
KZO 0 . 1 9  0.205 
P205 0 . 2 1  

(ppm) Sc v Cr 3500 
Mn 1700 
Co 
Ni 
Rb 5 . 3  Sr 1 23 y 78 
Zr 356 
Nb 22 
Hf 
Ba 
Th 3 . 6  3 . 42 
u 1 . 01 
Pb 
La 
Ce 
Pr Nd 
Sm 
Eu 
Gd 
Tb 
Dy 
Ho 
Er 
Tm 
Yb 
Lu 
Li 
Be 
B 
c 1 10 
N 
s 900 
F 
Cl 
Br 
Cu Zn 

(ppb) t 
At 
Ga 
Ge 
As Se 
Mo 
Tc 
Ru 
Rh 
Pd 
� Cd In Sn Sb 
Te 
Cs 
Ta 
w 
Re References and methods: 
Os 
Ir ( 1 )  PET ( 1972 ) 
Pt ( 2 )  Moore e t  a l .  ( 1972,  1973) 
Au (3)  Keith et al . ( 1972) 
Hg 
Tl 
Bi 

( 1 )  ( 2 )  ( 3) 
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1 5 5 6 5  REGOLITH BRECCIA FRAGMENTS ST . 9A-LM 8 2 2 . 6  g 

INTRODUCTION : 15565  is a collection of regolith breccia fra9-
ments which are the residue from Sample Col lection Bag 2 ,  wh1ch 
also contained three other loose rocks ( 15 5 5 6 - 1 5 5 58 ) . Some of 
the fragments could have been part of 1555 8 ,  which is also a 
regol ith breccia . The Lunar Sample Information Catalog Apollo 15 
( 19 7 2 ) states that there are 38 pieces . The p ieces range from 
friable to coherent . Those studied contain mare basalt , non-mare 
( KREEP) basal t ,  brecci a ,  and mineral fragments , and glasses , all 
in a glassy matri x .  Only one p iece has a surface glass . 

The sampl ing location of 1 5 5 6 5  has not been ident ified but 
appears to have been somewhere between 9 and LM inclusive , 
col lected on EVA 3 ( Sutton et al . ,  197 2 ) . The reason for this 
uncertainty is that at the end of EVA 3 grab samples were placed 
into the bag, including samples from under the seat of the rover . 

PETROLOGY : No comprehensive description has been made , and 
individual pieces may not be closely related . However , all seem 
to be regol ith breccias ranging from friable to coherent , with 
brown glassy matrices and containing mare basalt , KREEP basalt 
and other types of clastic materials ( Fig . 1 ) . 

Piece , 1  was studied by Michel-Levy and Johann ( 19 7 3 )  who found 
that it contained basaltic , vitrophyric , neritic , and glassy 
clasts ( including green glass ) . They also found that it had a 
striated glassy coating in which the results of several events 
are superimposed , from original splashing to z ap p its . Sewel l  et 
al . ( 19 7 4 )  and Gleadow �t al . ( 19 7 4 )  also studied , 1 ,  with the 
former reporting defocussed beam ( energy dispersive) microprobe 
analyses of a feldspathic basalt clast , feldspathic recrystal
l ized breccia , and several types of glasses , as well as analyses 
of mineral fragments and minerals in l ithic clasts . These 
analyses demonstrate the diversity of material s in , 1  but 
emphasize the dominance of mare and KREEP material s .  

Juan et al . ( 19 7 2 )  found that piece , 7  was a welded breccia with 
5 0 %  glassy matrix enclos ing 2 0% l ithic clasts ( mare , non-mare , 
and older breccias ) ,  19%  mineral clasts (bytownite , pigeonite , 
oliv ine , ilmenite , and ulvospinel ) ,  10% glass fragments ,  and 1 0 %  
glass spherules . Engelhardt et al . ( 19 7 2 , 19 7 3 )  found that piece 
, 8 ,  consisted of soil components in a fragmental , perhaps partly 
glassy matrix . It contains both mare basalt and material 
described as 11Apennine Front material . 11 The dominant crystall ine 
materials are , in order of abundance , intersertal neritic basalts 
( presumably KREEP basalts ) , ophitic basalts , neritic cumulates , 
and fragmental rocks . Glass and mineral fragments and glass 
spheres are present . McKay and Wentworth ( 19 8 3 )  and McKay et al . 
( 19 8 4 )  found that piece , 11 was subporous with a low fracture 

porosity , had common agqlutinates , common glass spheres , minor 
shock features ,  and an immature FMR index ( I5/Fe0 = 14 ; reported 
as 19 in Korotev , 1 9 8 4  unpubl ished) . Warren et al . ( 1 9 8 1 )  
analyzed minerals i n  the matrix o f  , 11 ;  An78_92 , 0161 .5_64 _5 1 and 
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disperse pyroxenes . They also studied a n  8 x 7 mm anorthos itic 
norite clast which is a prist ine highlands l ithology ( see 
CHEMISTRY ) . It has grain s i zes ( cataclasized zone s )  up to 2 mm , 
with a uniform and uncompl icated mineralogy : An93_95 , En78Wo3 , 
with about 2 5% pyroxene . Fe-metal grains contain 2 . 8  to 3 . 0% Co 
and less than 1% Ni . Housley et al . ( 19 7 6 )  show an absorption 
spectrum for , 2 1 which strongly resembles lunar fines . 

CHEMISTRY : Analyses of breccia samples were made by Blanchard 
( 19 7 3  unpublished) and Korotev ( 19 8 4  unpublished) ( Table 1 ) . The 
analyses indicate that the two fragments ( , 3  and , 11 )  are s imilar 
to each other.  However ,  their h igh incompatible e lement l evels 
and low iron make them more s imilar to a few high-KREEP breccias 
scattered around the site than to e ither 1 5 5 5 8  ( from the same 
bag) or LM-ALSEP area regoliths . They are certainly not l ike 
Station 9 or 9A regol iths . 

Cadenhead and Buergel ( 19 7 3 ) , Cadenhead et al . ( 19 7 3 ) , and 
Cadenhead and Stetter ( 19 7 4 )  studied the outgassing properties of 
the piece , 3  (which they refer to as a " typical complex 
breccia " ) , with emphasis on the production of water vapor and 
planetary atmospheres . They concluded that water vapor could be 
produced by the interaction of solar wind hydrogen and sample 
oxygen . 

Warren et al . ( 19 8 1 )  analyzed a small anorthositic norite clast 
for maj or and trace elements ( Table 2 ,  F ig . 2 ) . The low 
abundances of s iderophile elements , as well as the metal 
composition ( above)  indicate that this is a pristine fragment , 
derived from a lunar highlands igneous_ cumulate . 

PROCESSING AND SUBDIVISIONS : S ampl e  processing documentation is 
compl icated by some sample number changes from a collection of 
separate numbers to the unified group 1556 5 ,  and by erroneous 
numbering on the documentation of sample spl itting diagrams . The 
individual pieces appear to be , 1  to , 15 and , 19 to , 4 3 ,  i . e . , 4 0  
pieces . More than hal f  o f  the sample mass i s  taken up with , 1  
( 8 0 . 6  g ) ; , 2  ( 12 1 . 3  g) ; , 3  ( 1 2 6 . 8  g ) ; , 4  ( 13 7 . 7  g ) ; and , 5  
( 2 3 . 1 g ) . A list o f  thin section derivations is given in Table 
3 .  
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F i g .  l a  

F i g .  l b  

Figure 1 .  A , B ,  General matrix of 15565 , 8 7 ,  a p iece of , 1 .  A)  
plane light B )  same view ,  reflected l ight , showing 
poros ity . Clasts include KREEP basalts (bottom) , 
pyroxene vitrophyre ( top center) , and glass ( center) . 
Width 2 mm . C , D , cl asts in 1 5 5 65 , 8 6 ,  pieces of , 10 .  
C)  pyroxene porphyritic mare basalt , plane l ight . D) 
KREEP basalt , plane light . Widths 2 mm . 
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Fig. 1 d  
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,-� 
TABLE 1 5 5 6 5 - 1 .  Chemi c a l  a n a l y s e s  of 

b r e c c i a  f r a gme n t s  

• 3 ' 1 1  7 
W t  r· S ! 0 2  

T i 0 2  ! .  9 1  
A l 2 0 3  1 3 . 3  1 4 .  1 
FeO 1 3 .  5 
M 0 9 . 2  
CaO 1 0 . 5  9 . 6  
Na20 0 . 5 8  0 . 5 8  
K20 
P205 

( p p m )  S c  2 8 .  1 2 9 . 0  
v 
C r  2 8 9 0  2 6 0 0  
Mn 1 40 0  
Co 3 2 . 7  3 3 . 2  
Ni 9 5  1 1 1  
R b  
S r  1 0 0 1 5 0 
y 
Z r  6 2 0  
Nb 
Hf 1 7 . 8  1 4 . 6  
Ba 7 6 0  3 8 5  
Th 6 . 6  
u ! .  7 2 
Pb 
La 4 2 . 9  4 0 . 6  
Ce 1 0 3  1 0 5  
P r  
N d  6 8  6 1  
Sm 2 0 .  1 1 8 . 4  
Eu ! .  85 ! .  74 
Gd 
Tb 4 . 0 8 3 . 6 3 
Dy 
Ho 

f"--. E r  
Tm 
Yb 1 4 . 4  1 3 . 5  
Lu ! .  99 ! .  7 2 
L i  
B e  
B 
c 
N 
s 
F 
Cl 
Br 
Cu 
Zn 

( p p b )  I 
At  
Ga 
Ge 
A s  
S e  
M o  
T c  
R u  
R h  
P d  
A 
Cd 
In 
Sn 
Sb 
Te 
Cs 4 3 0  3 6 0  Re f e re n c e s  a n d  method s :  

Ta 1 7 9 0  
w ( 1 ) B l a n c h a r d  ( 1 9 7 3  un p u b l i s he d ) ;  

I NAA 
Re 
Os ( 2 )  Ko r o t e v  ( 1 9 8 4  u n p u b l i s he d ) ;  INAA 

l r  ( 3  
Pt 
Au (4 

' ------ Hg 
Tl 
Bi 

( l )  ( 2 )  
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:Figure 2 .  Rare earths ... 

* , 1 13 
* ' 1 17 
* ,3 

Yarren et a l .  ( 1981 ) ;  RNAA 
Korotev ( 1 984, unpubl i shed); INAA 
Blanchard ( 1 973, unpubl i shed); INAA 

* Gd value calculated. 

11��--.---r--.--.---.--.--.---.--.--,---.--,---r--� 
La Ce Pr Nd � � M Th � � & h Th � 

Rare Earth Element 

LEGEND: SPECJFJC � , 113 t H , 117 
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TABLE 15565-2. Chemical 
analysis of a pristine 
highlands clast 

Wt % Si02 
Ti02 
Al203 
FeO 
MgO 
CaO 
Na20 
K20 
P205 

(ppm) Sc 
v 
Cr 
Mn 
Co 
Ni 
Rb 
Sr 
y 
Zr 
Nb 
Hf 
Ba 
Th 
u 
Pb 
La 
Ce 
Pr 
Nd 
Sm 
Eu 
Cd Tb 
Dy 
Ho 
Er 
Tm 
Yb 
Lu 
Li 
Be 
B 
c 
N 
s 
F 
Cl  
Br  
Cu 
Zn 

(ppb) I 
At 
Ga 
Ge 
As 
Se 
Mo 
Tc 
Ru 
Rh 
Pd 
A 
Cd 
In 
Sn 
Sb 
Te 
Cs 
Ta 
w 
Re 
Os 
l r  
Pt 
Au 
Hg 
Tl 
Bi 

, 1 1 3 
48. 15 

0 . 1 0  
2 4 . 9  

4 . 1  
8 . 8  

13. 3 
0.425 
0 . 060 

6 . 7  

1 5 10 
573 

20 
8 . 8  

(260 

0.69 
68 

0.43 
0 . 3 1  

4 . 2 5  
9 . 5  

5 . 4  
1 . 38 
1 . 3 6  

0 . 24 
! .  9 

1 . 3 5  
0. 19  

1 .  68 

1 8 . 1 

o .  007 1 

( 0 . 03 

0. 069 

( 1 )  

1 5 5 6 5  

TABLE 15565-3 . Thin section derivations 

Ultimate 
Parent Piece 

' 1  

, 7  
, 8  
' 10 
, 1 1 
, 1 5 

Potted Butt 
, 5 2  

, 59 
' 65 
, 7 5 
, 56 

( '  1 5 )  

Thin Sections or 
Probe Mount 

, 8 3 ;  , 8 7 ;  , 9 2 ;  
, 9 5 ;  , 9 6 ;  , 9 8  

, 8 4 ;  , 9 3 
, 8 5 ;  , 9 4 
, 8 2 ;  , 8 6  
, 57 
, 16 ;  , 17 ;  , 18 ;  

, 4 4 ;  , 4 5 ;  , 4 6 ;  
, 4 7 ;  , 48 ;  , 8 0 ;  
..ll 

R.eferenc.e and method : 

( 1 )  Warren et al. ( 1981 ) ;  
RNAA , fusedbead. 
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15595 PORPHYRITIC SPHERULITIC QUARTZ-NORMATIVE ST . 9A 2 3 7 . 6  g 
MARE BASALT 

INTRODUCTION :  15595 is fine-grained , porphyritic mare basalt 
with conspicuously irregularly distributed vugs (Fig .  1 ) . 
Pigeonite phenocrysts are set in a spherulitic , almost 
vitrophyric groundmass . Both phenocrysts and groundmass are 
finer-grained than in 15596 , chipped from the same boulder . Its 
chemistry is typical of Apollo 15 quartz-normative mare basalts . 
The sample is ol ive gray to ol ive black ,  angular, and tough . The 
broken surface is hackly , the others are smoothed to irregular 
and have zap pits . The vugs make up 3 0% of the fresh surface . 

Figure 1 .  Broken-off face of 15595 . S-7 1-4 6 7 0 6  

9 6 8  
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1 5 5 9 5  was chipped from a 2 m x 5 0  em boulder about 8 m east o f  
the rim o f  Hadley Rille ( Fig . 2 ) . 1 5 5 9 6  was chipped from the 
same boulder . The boulder appeared to be typical of those in the 
vicinity , which is strewn with boulders , cobbles , and pebbles . 
The boulder was described as bedrock by the astronauts;  the 
boulder is probably not in situ bedrock , but is also probably 
very nearly in place . 

F igure 2 .  Sampl ing of 1 5 5 9 5  and 1 5 5 9 6 .  AS 1 5 - 8 2 - l l l 4 3 

969 
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PETROLOGY : 15595 consists of small pigeonite phenocrysts in a 
spherulitic groundmass of plagioclase , pyroxene , and glass ( Fig . 
3 ) . Most of the pigeonite phenocrysts are less than 2 mm long in 
thin section , but a few reach about 5 mm . They are zoned , with 
sharply banded rims of augite . Many are hollow ( groundmass
filled) and a few have simple twins . Irregularly-shaped vugs are 
present , and the euhedral phenocrysts proj ect into them . The 
groundmass consists of fan spherul ites of pyroxene (mainly 
augite ) , and plagioclase laths . Grove and Walker ( 19 7 7 ) gave a 
mode with 52 % phenocrysts and 48% groundmass , Papike et al . 
( 19 7 6 )  one with 48 . 1% pyroxenes , 5 1 . 6% groundmass , and 0 . 3 % 
opaque minerals . The sample has more phenocryst volume than the 
isochemical but more slowly-cooled 1559 6 .  

Fig. 3a 

Fig. 3b 

-

Figure 3 .  Photomicrographs of 15595 , 3 1 .  Width about 3 mm . 
transmitted l ight ; b )  crossed polarizers . 

a )  
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Sato ( 19 7 3 )  measured f02 with temperature variation ( l 0 0 0°C to 
l 2 0 0"C)  for a sample of 1 5 5 9 5  ( Fig . 4 ) . The data form a smooth 
curve s imilar to that for Apollo 12 basalts . 

Cool ing hi story : Lofgren et al . ( 19 7 5 ) , in a comparison of 
natural textures with those produced in dynamic crystalliz ation 
experiments ( known l inear cool ing rate s )  deduced a cool ing rate 
of 2 to 5°Cjhr for the phenocrysts and about 3 0°C/hr for the 
groundmass , i . e . , slower than 15597 , and faster than 1559 6 . They 
depicted a cross-section of a pyroxene phenocryst , similar to one 
grown in the 2 . 5°C/hr cool ing rate experiment . Grove and Walker 
( 19 7 7 ) , in a s imilar but more sophisticated study , inferred an 
early cool ing rate of about l0°C/hr from the pyroxene nucleation 
dens ity , an integrated rate of about 3 . 7 5°C/hr from pyroxene 
s i z es , and a l ate-stage cool ing rate of about 6 0°C/hr from the 
plagioclase s i z es . They inferred final crystalli zation about 12 
em from a conductive boundary . Essentially slow initial cool ing 
was fol lowed by rapid cool ing . 

F igure 4 .  

lOO:l 12 rr-

Measured f02 as a function of temperature ( S ate et 
al . ,  19 7 3 ) .  
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CHEMISTRY : Chemical analyses are listed in Table 1 ,  and the rare 
earths plotted in F igure 5 .  The analyses are of a typical Apollo 
15 quartz-normative basalt , very similar to 15597 , and are 
reasonably consistent . Compston et al . ( 19 7 2 )  noted a systematic 
difference between their Rb abundances determined by x-ray 
fluorescence and the more rel iable isotope dilution method . 

1000� 
I 
I I 

: J  
I 
I I ' ·1>-----
1 
I 

La Ce Pr Nd 

* , 1 7  - Fruchter et a l .  ( 1973) ;  I NAA 

* Gd value calculated. 

Rare Earth Element 

LEGEt-ll: SPECIFIC � , 17 

Figure 5 .  Rare earths in 1559 5 .  
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RADIOGENIC ISOTOPES : Compston et al . ( 19 7 2 ) presented Rb-Sr 
isotopic data for a whole-rock sample (Table 2 ) . Assuming an age 
of 3 . 3  b . y . gives an initial 87SrjB6sr of 0 . 6 9 9 5 1  ( .\ =  1 . 3 9 x 
10-11 yr-t ) , indistinguishable from other Apollo 15 mare basalts . 

TABLE 15595-2 . Rb-Sr isotopic data ( Compston et al . ,  19 7 2 )  

Rb ppm 

0 . 9  ( ID)  
0 . 7 2 (XRF ) 

Sr ppm 

9 9 . 4  ( ID)  
10 3 . 8  ( XRF ) 

* unspiked sample 

0 . 0 2 6 1  

974 

87sr;sesma 
0 . 7 0 0 7 4  ± 1 0  
0 . 7 0 0 5 5  ± 1 0 *  
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RARE GASES , TRACKS , AND EXPOSURE : Behrmann et al . ( 19 7 2 )  
reported abundances o f  3He , 21Ne , 38Ar , and spallation Kr and Xe 
data . The 2Ne , ssAr , and 81Kr-Kr exposure ages are similar ( 1 12 , 
1 0 5 , and 110 ± 17 m . y .  respectively) and indicate a simple 
exposure history . 3He qives a much lower exposure age of 6 . 5  
m . y .  Spallation Kr and Xe show a fairly hard cosmic ray isotopic 
spectrum , suggesting a s ingle-step trans ition from a well
shielded to an unshielded position , such as  might occur in a 
maj or rock sl ide . Fiss ion 1s2xe is about the amount expected for 
a 3 . 5  ± 0 . 3  b . y .  old rock with its U abundance . Drozd et al . 
( 19 7 4 ) reported Kr isotopic data , and total Kr at 1 1 0 0°C . They 
gave uncertanties for the Behrmann et al . ( 19 7 2 )  exposure ages of 
2 6 (21Ne ) , 3 4 (38Ar) , and 9 (81Kr-Kr) m . y .  Pepin et al . ( 19 7 4 ) 
noted that 15595  was the only sample which gave concordant 
exposure ages using the Bogard et al . ( 19 7 2 )  production rates and 
di scordant ages using the production rate derived from the drill 
core , rais ing questions about such production rates . 

Behrmann et al . ( 19 7 2 ) found that track densities in large 
pyroxene crystal s in a surface chip are highly zoned and 
anonamously low considering the 1 0 0  m . y .  rare gas exposure age 
and inferred simple exposure history . The tracks suggest that 
the boulder was recently chipped on the centimeter scale or that 
the thermal stabil ity of tracks in pyroxene is low.  

F igure 6 .  

lUNAI 
N 

ta) 

Intensity, 
emu/vm 

10 -S 

15595,10 

(b) 

a) Direction of magnetization in lunar coordinates of 
three samples from the same boulder . Only 15595 , 1 0 
was allowed to be demagnetized--the arrow shows change 
in direction . b )  change in intensity during AF 
demagnetization of 15595 , 10 .  
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PHYSICAL PROPERTIES : Gose et al . ( 19 7 2 ) and Pearce et al . ( 19 7 3 ) 
measured the natural remanent magnetism (NRM) and magnetic 
properties of two chips of  1559 5 , and also the NRM of  bulk sample 
1559 6 ,  from the same boulder ( Fig . 6 ) . One chip of 15595  was 
oriented , the other was not . The NRM of one chip was l .  7 x 10-6 , 
of  the other about 1 x 10-6 emujg . The directions are random and 
thus unl ikely to be of lunar origin . On demagnetization a stable 
direction was found , and should be the direction of  lunar 
magnetism i f  the boulder was actual ly bedrock , i . e . , the 
direction was almost due north and horizontal . An inflection 
( Curie point) in the hysteres is loops at about 2 0 0°C indicates a 
metal with 3 0- 4 0 %  N i ,  and one at about 7 5 0°C indicates normal , 
low-Ni iron metal ( Fig . 7 ) . The magnetic properties indicate 
0 . 0 6 0  of Fe0 equivalent and 17 . 2 % o f  Fe2+ equivalent . The 
magnetic properties are l isted in Table 3 .  Brecher ( 19 7 5 , 197 6 )  
noted the inhomogeneity o f  direction o f  NRM in 15595  in her study 
propos ing textural remanent magnetization of  lunar samp les . 

15595,13 
10 ICoe 

0 200 400 600 800 

Figure 7 .  Magnet ization as a function of temperature . 
Horizontal axis in °C , vertical axis in emu;g . 
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r--.. PROCESS ING AND SUBDIVISIONS : 15595  was sawn to produce a slab 
through the interior ( Fig . 8 ) . , 1  broke off before its cut was 
completed , and the remainder which was cut was labelled , 2  ( 17 . 3  
g ) . , 1  had only 0 . 16 g of  its ''W'' end ( , 11 )  chipped of f :  it is 
now 7 6 . 6 3 g and is in remote storage in Brooks . , o  has not been 
further subdivided and is now 9 8 . 3 7 g .  The slab p iece , 3  w a s  
extens ively subdivided and allocated ( Fig . 8 ) . All the thin 
sections , , 3 0 to , 3 9 ,  were made from chip , 2 1 .  

.-' 

l>J9�i , O  Q.  ·f :··::·,· I' ! I  • . L  i n  

Figure 8 .  cutting of 1 5 5 9 5 .  

(?· ·.' 
' "  

TABLE 1 5 5 9 5 - 3 . Magnetic properties ( Pearce et 

I Js Xp Xo JrsjJs He 

L emujg emujg Oe emujg Oe Oe 

i 0 . 1 3 3 7 . 4  0 . 4 8 0 . 0 0 6  3 3 . 0  
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15596 PORPHYRITIC SPHERULITIC QUARTZ-NORMATIVE ST . 9A 2 2 4 . 8  g 
MARE BASALT 

INTRODUCTION : 15596 is a porphyritic mare basalt with conspicu
ously irregularly distributed vugs ( Fig . 1 ) . Large pigeonite 
phenocrysts are set in a spherulitic groundmass . Both pheno
crysts and groundmass are coarser-grained than in 15595 , chipped 
from the same boulder . Its chemistry is typical of Apollo 15 
quartz-normative mare basalts . The sample is medium olive gray , 
blocky , angular , and tough . The broken surface is rough , the 
others irregular with many zap pits . The vugs make up about 15% 
of the fresh surface . The pigeonites have yel low-green cores and 
dark brown rims . 

15596 was chipped , with 1559 5 ,  from a 2 m x 5 0  em boulder about 8 
m east of the rim of Hadley Rille ( See Fig . 15595-2 ) . 

Figure 1 .  Broken face of 1559 6 .  S-7 1-4 6 811 
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/-', PETROLOGY : 15596 consists of large pigeonite phenocrysts in a 
fan spherul itic groundmass of plagioclase , pyroxene , and opaque 
mineral s (Fig.  2 ) . The pigeonites are commonly 6 or 7 mm long in 
thin sections . Some are twinned , and several are hollow ( filled 
with spherul itic groundmass ) . They are zoned , with sharply 
bounded rims of augite . The groundmass contains opaque mineral s  
and vugs . Brown et al . ( 19 7 2 ) gave a mode with 4 1% phenocrysts , 
and a groundmass comprising 3 2 %  cl inopyroxene , 2 0 % plagioclase 
(An83_87) , and 6% opaque minerals .  They also observed rare zoned 
olivines ( Fo66_37 ) , and Cr--spinel microphenocrysts . Grove and 
Walker· ( 19 7 7 ) reported a mode of 4 0 . 9 % phenocrysts , 5 8 . 9 % ground
mass , and 0 . 2% opaques ( not including those in the groundmass ) . 
Brown et al . ( 19 7 2 ) reported that the zoned Mg-pigeonite cores 
have Al : Ti of 7 to 10 and the augite mantles have Al : Ti of 5 to 
7 .  The groundmass pyroxenes have a chemistry discontinuous with 
the mantles and approach pyroxferroite in compos ition . 
Engelhardt ( 19 7 9 )  noted that ilmenite crystalli zation started 
after plagioclase crystall i zation started , and ended before 
pyroxene crystal lization ended . 

Ffg. 2a 

Fig. 2b 

Figure 2 .  Photomicrographs of 15596 , 12 ,  showing pigeonite 
phenocrysts with their augite rims , hol low cross
sections , vug , and spherul itic groundmass containing 
opaques . Widths about 3 mm . a) transmitted light ; b)  
crossed polari zers . 
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Cooling history:  Lofgren et al.  ( 19 7 5 ) , in a comparison of 
natural textures with those produced in dynamic crystallization 
experiments ( known l inear cool ing rates)  deduced a cool ing rate 
of 2 to 5°C/hr for the phenocrysts , within the same range as 
1 55 95  but actually slower , and 1 0  to 3 0°C/hr for the groundmass ,  
and also slower than 155 9 5 . In a s imilar but more sophisticated 
study , Grove and Walker ( 19 7 7 )  inferred an early crystal l ization 
rate of  3 . 7 5°Cjhr from the ,pyroxene nucleation density ,  a 
integrated rate of 1 . 7 5°C/hr from the total pyroxene phenocryst 
size , and a late-stage rate of l 3°C/hr from the plagioclase 
sizes . They inferred final crystal l i z ation about 2 4  em from a 
conductive boundary . 

CHEMISTRY : Rhodes and Blanchard ( 19 8 3 )  reported that they had 
made a maj or and trace element analysis of a 2 g sample of bulk 
rock which is s imilar to that of average Apollo 15 quartz
normative mare basalts . 
PHYSICAL PROPERTIES : Gose et al . ( 19 7 2 )  and Pearce et al . ( 19 7 3 ) 
reported on natural remanent magnetic intensity and direction for 
the bulk rock . The intensity was 6 . 4  x 10-6 emujg,  and the 
direction di ffers from those of 15595  spl its , chips from the same 
boulder ( see Fig . 15595- 6 ) . Hence the NRM is probably not of 
lunar origin . 

PROCES SING AND SUBDIVISIONS : Chip , 1  was taken from the 11 S-B11 
edge , made into a potted butt , and partly used to make thin 
sections , 12 through , 16 .  A smal l  chip , 2  was removed at the 
same time . In 1 9 8 2 , further chipping produced samples for the 
chemical analysi s . , o  is now 2 13 . 9  g .  
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15597 VITROPHYRIC QUARTZ -NORMATIVE MARE BASALT ST . 9A 1 4 5 . 7  g 

INTRODUCTION : 15597 is a fine-grained , pyroxene vitrophyric mare 
basalt with conspicuous small phenocrysts and vugs ( Fig . 1 ) . It 
is the most rapidly cooled of .the larger samples of this basalt 
type and is widely believed to be unaffected by surface frac
tionation . Its chemistry is that of an average Al5 quartz
normative basalt and has been used in crystallization experiments 
because it better represents a melt composition than other 
samples . The sample is medium dark gray , slabby with two flat 
faces , angular , and tough . It appears to be homogeneous , with 
yellow-green prismatic phenocrysts (weathering white ) and a black 
groundmas s .  PET ( Lunar Sample Information Catalog Apollo 15 , 
19 7 2 ) recognized a lamination of some phenocrysts which has not 
been recognized in thin section . The vugs are smal l  and about 1% 
of  the total volume . Zap pits occur on most faces but are not 
dense . 

15597 was collected in the vicinity of the boulder from which 
15595  and 15596  were chipped , but has not been recognized in 
surface photographs . Its orientation is therefore unknown . 

Figure 1 .  Macroscopic view of 1559 7 . Sparse pigeonite 
phenocrysts and small vugs are visible . S-7 1-4 9 9 4 0  
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PETROLOGY : 15597 consists of  numerous , tiny pigeonite pheno
crysts , commonly hol low, in a groundmass of opaque glass . Small 
vesicles are ubiquitous and pigeonite megacrysts are rare ( Fig . 
2 ) . Published modes ( Table 1 )  have high total phenocryst per
centages . Drever et al . ( 19 7 3 ) found no preferred orientation 
except an exampl e  of a radial arrangement of acicular pheno
crysts . Donaldson et al . ( 19 7 7 )  noted extreme discordancies in 
the sizes of phenocrysts and their uniform distribution 
indicating that they are not aggregations . 

A comprehensive petrographic and microprobe study was given by 
Weigand ( 19 7 2 )  and Weigand and Holl ister ( 19 7 3 ) , with tabulated 
microprobe analyses . They noted that acicular pyroxene pheno
crysts are 0 . 5  to 1 . 5  mm x 0 . 04 to 0 . 15 mm . Cross sections show 
prominent ( 10 0 )  faces and subordinate ( 0 1 0 )  faces . S impl e  
twinning is common ,  parallel t o  ( 10 0 ) . Phenocrysts commonly have 
a glass core , and some l ength sections exhibit a " swallow-tail . "  
Both cores and the sharply bounded rims have extreme chemical 
zonation ( Fig . 3 )  as also shown by the data of Grove and Bence 
( 19 7 7 )  and Drever et al . ( 19 7 2 )  ( also shown in Fig . 3 ) . The 
first pyroxene to crystallize was En70Wo4 , identi fied as 
pigeonite on low 2V values ( less than 2 0°) . The compos ition 
fal l s  wel l  within the range of lunar orthopyroxenes , and the 
pigeonite is probably metastable . This " inner" pigeonite zones 
out to about En52Wo15 ( "outer" pigeonite) , then is epitaxially 
grown with " inner" augit e ,  En40Wo30 , which is zoned extremely to 
En10Wo32 ( " outer11 augite ) . Minor sector-zoning was observed . Ti 
and Al are partitioned into inner augites relative to outer 
pigeonites ( Fig . 3 ) . Al203 and Ti02 rise to extreme values at 
the augite rim ( 13 . 8% and 3 . 5% respectively) ,  and Cr203 fall s  to 
very low abundances ( - 0 . 0 3 % ) . A s ingle large megacryst is 
remarKably homogeneous with only the outer 5 %  of the p igeonite 
zoned . Chemical evidence suggests however that it was not the 
first to nucleate and grow . Groundmass crystals are various 
skeletal ferroaugites with compositions similar to edges of 
augite rims . The pyroxene zoning patterns are explained by the 
crystallization of pyroxene in the absence of  co-crystall i z ing 
plagioclase or Ti-rich minerals . Chromite is minor and has an 
irregular distribution . It has a b imodal size distribution . The 
larger ( about 1 0 0  microns)  are typically clustered , euhedral , and 
commonly partially enclosed in phenocrysts . The smaller ( about 
2 5  microns ) are in phenocrysts or in  groundmass . The chromites 
are Al-Mg-chromites grading into Ti-Mg-aluminian chromites ( Fig . 
4 ) . In  contact with glass matrix they are rimmed ( l  to 2 
micron s )  by ulvospinel . Weigand and Hol l ister ( 19 7 3 )  tabulated 
chromite analyses and discussed the zoning trends . Nickel-iron 
grains are ubiquitous but of minor abundance . Ni varies from 4 
to 7 % , and co from 1 to 3 % .  At l east the l arge chromites appear 
to have completed crystal l ization prior to pyroxene nucleation , 
and metal grains to have at l east nucleated before pyroxene 
nucleation . The glass groundmas s  of 15597  has an unusual 
composition (Table 2 ) , with extremely l ow MgO .  Gradients 
adj acent to crystal s  suggest that the rate of crystal growth 
exceeded diffus ion rates in the melt . The overal l  sequence of 
crystallization for 15597  as inferred by Weigand and Holl ister 
( 19 7 3 )  is shown in Figure 5 .  
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F i g .  2 b  

Figure 2 .  Photomicrographs o f  1 5 5 9 7 1 12 1  showing small acicular 
/� phenocrysts 1 opaque glassy groundmass 1 small vesicles 1 

and part of a twinned megacryst . a )  transmitted 
l ight ; b )  crossed polarizers . 
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Figure 3 .  Compositions of  pyroxenes in 15597 . a )  typical 
elemental profile across a phenocryst .  Vertical scale 
is raw intensity , analysis interval is 2 microns . b )  
compositional zoning i n  the quadrilateral . Triangle 
size is proportional to " others "  components . c) Ti
Cr-Al trends . a ) -c) from Weigand and Hol l ister 
( 19 7 3 ) . d) sketch and analyses of radiate cl ino
pyroxene ( Drever et al . , 1972 ) . e )  maj or and minor 
element analyses . f) minor element analyses of 1 5 5 9 7  
and other Apollo 15 quartz -normative basalt p igeonite 
cores , and experimental cool ing rate products . e ) f )  
from Grove and Bence ( 19 7 7 ) . 
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TABLE 1559 7 - 1 . Modes o f  15597  

( 1 )  ( 2 )  ( 3 )  ( 4 )  
Pig 4 2  59  5 5 . 8  5 0 . 1  
Aug 17 
Glass 3 7  4 1  4 3 . 9  4 9 . 9  
Opaques < 1  < 0 . 3  0 . 3 < 0 . 1  
Vesicles 3 

( 1 )  Weigand and Hol l ister ( 19 7 3 )  
( 2 )  PET ( Lunar Sample Information Catalog , 

1 9 7 2 ) 
( 3 )  Grove and Walker ( 19 7 7 )  
( 4 )  Papike et al . ( 19 7 6 )  

TABLE 15597-2 . Analysis 
mass glass 

( 1 )  

Wt % S i02 4 7 . 9  
Ti02 2 . 3 0 
Al203 15 . 1 3 
FeO 2 2 . 2 4 
MgO 1 .  4 0  
cao 9 . 6 2 
Na20 0 . 6 6 
K2 0 0 . 1 1 1  
P205 0 . 1 5 1  

ppm cr < 3 5  
Mn 1 7 4 0  
s 

of ground-

( 2 )  

4 8 . 6 3 
2 . 3 3 

16 . 05 
2 1 . 2 6 

0 . 4 3 
9 . 2 9 
0 . 7 5 
0 . 13 
0 . 14 
�70  

�15 0 0  
1 6 0 0  

( 1 )  Nava ( 19 7 4 ) i AAS , colorimetry 
( 2 )  'Weigand and Holl ister ( 19 7 3 ) ; 

microprobe 
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F igure 4 .  

Figure 5 .  

1 5 5 9 7  

c�-Al and Fe-Mg relationships i n  15597  chromites . 
F1lled dots = large chromites , open dots = small 
chromites (Weigand and Hol l ister , 197 3 ) . 
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Brown and Wechsler ( 19 7 3 )  and Brown et al . ( 19 7 3 )  used a 
precession camera , x-ray diffraction , and microprobe techniques 
to study pyroxenes . They found no augite exsolution ( i . e . , no 
( 0 0 1 )  augite ) , suggesting very rapid crysta l l ization from 1 2 0 0°C 
to 9 5 0°C . Augite overgrows p igeonite epitaxially on ( 10 0 ) . The 
pigeonite shows fine-scale polysynthetic twinning which could be 
from inversion from orthopyroxene ( although no core orthopyroxene 
was observed , the compositions , En70Wo4 , are wel l  within the 
range of lunar orthopyroxenes ) . Coarse , s imple growth twins are 
also not uncommon .  Brown and Wechsler ( 19 7 3 )  tabulated 
fractional atomic coordinates ,  bond lengths and angle s ,  and other 
crystal lographic data . There appear to be s ignificant difference 
between class b peak di ffusenes in 15597 and Mul l  pigeonites 
(contrary to the conclusion in Brown et al . , 1 9 7 3 ) indicating 

that 15597  cooled through the c-->P transition ( about 9 5 0°C ) more 
slowly than the Mul l  pigeonite . The Fe-Mg distribution 
coefficient ( Kd )  of 0 . 12 for En65Wo� is one of the most dis
ordered reported and indicates equ1l ibration at about 65 0°C . 
(The Brown et al . ,  19 7 3 , calculated Kd ( 0 . 18 )  is reported by 
Brown and Wechsler, 197 3 , as being in error . )  Brown and Wechsler 
( 19 7 3 )  suggested that reheating could cause the discrepancy 

between the Fe-Mg equil ibration tempeature and the P-->C phase 
transition , but the heating must not be enough to cause 
exsolution . However , in such reheating the groundmass glass 
might have devitrified . An alternative explanation is that 
reheating was a result of  the heat of crysta l l ization . 

Cool ing rate studies : Apart from the studies above , several 
experimental studies have been made to elucidate the cool ing rate 
of 1 5 5 9 7 . Lofgren et al . ( 19 7 4 , 1 9 7 5 )  found that the crystal 
morphologies and zoning trends of the phenocrysts resemble those 
produced in dynamic crystalli zation experiments with linear 
cool ing rates of 5 to 2 0°C/hr . The groundmass is inferred 
s imilarly to have cooled at more than 3 0°C/hr . The groundmass is 
the most rapidly cooled of all those studied , but the phenocrysts 
( despite their smaller size and greater nucl eation density ) are 
inferred to have crystal l ized more slowly than those in 
vitrophyres 1 5 4 8 5  and 154 8 6 .  I n  a similar but more sophisticated 
study , Grove and Walker ( 19 7 7 )  inferred an early cooling rate of 
3 0 0° to 5 00°C/hr from the phenocryst nucleation dens ity , an 
integrated rate of  l0°to 15 0°C/hr from the pyroxene s izes , and a 
late-stage rate of  3 0 0° to 5 00°C/hr from plagioclase sizes . A 
megacryst was inferred to have grown during cool ing at 3 . 7 5°C/hr . 
They inferred the final crystall i z ing position of 15597 from a 
conductive boundary to be 4 em . They noted the variety of  early
stage cool ing rates to be inferred , depending on which technique 
is used . They suggested that the megacrysts grew in a more 
slowly cooled environment for possibly a day or two . The 
nucleation dens ity recorded by the smaller pyroxenes may have 
been biased by a concentration of nucleii during the event which 
increased the cool ing rate . 
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Grove and Bence ( 19 7 7 )  performed the experiments on which the 
Grove and Walker ( 19 7 7 )  analysis is  based . The summarized phase 
results are shown in F igure 6 .  They also used pyroxene 
compositions to assess cool ing rates . The general zoning trends 
for 15597 are closest to these produced in 1 50°C/hr cool ing rate 
experiments . The cores of phenocrysts have minor elements 
similar to these in much coarser rocks 15065  and 15058  ( Fig . 3 f ) 
and most s imilar to those in 3 . 7 5°C/hr cool ing rate experiments . 
Thus all these cores formed under s imilar conditions probably 
fairly close to equilibrium . The results confirm the complex 
cool ing history and suggest nucleii formed in the interior of  the 
flow.  Lofgren et al . ( 19 7 9 )  performed experiments to compare the 
di ffering results of  experiments on the 15597  compostion which 
was used in the cool ing rate studies . Grove ( 19 8 2 )  used TEM 
techniques to study micro-exsolution textures in experimentally
produces pyroxenes and in 15597 , to assess cool ing rates . Fine
scale tweed ( 0 0 1 )  and ( 10 0 )  modulations were found in 15597  with 
spinodal decomposition showing lamellar wavelenghts of 1 6 5  and 
17 01 ( 0 0 1 )  and being present on ( 10 0 ) . Heterogeneous nucleation 
had a lamellar wavelength of 5 7 6! ( 0 0 1 )  and absent on ( 10 0 ) . The 
data indicate cool ing at 2 0°C/hr , s imilar to but a l ittler slower 
than other estimations . 

Other Experimental Studies : Muan et al . ( 19 7 4 , and quoted pers . 
comm . in Brown and Wechsler , 19 7 3 )  conducted equil ibrium crystal
l i zat ion experiments , in contact with metallic iron , on a 
powdered , representative p iece of  15597 . The l iquidus phases 
were oliv ine and chromite at 12 3 0°C,  with pyroxene entry at 
l l 7 0°C 1 and anorthite at: ll4 0°C . The sol idus was l 0 6 0°C . Grove 
and Bence ( 19 7 7 )  report.ed s imilar equil ibrium experiments in iron 
capsules in evacuated s i l ica glass tubes with a realistic imposed 
f02 • They had no iron loss from or gain to the charge . They 
found ol ivine ( Fo68_70 ) to be the l iquidus phase , at 12 l 5°C , and 
it reacted out by 1 1 3 0°C ( Fo56 ) .  Pigeonite En98Wo5 entered at 
119 7°C and became more Ca , Fe-rich with decreas1ng temperatures .  
Spinel entered at 118 5°C ( a  lower temperature than the Muan et 
al . ,  1 9 7 4 , experiments , a result of either higher chromium or 
higher oxidation state in the latter study) . Plagioclase entered 
at 1 1 4 3°C . Tabulated analyses of the run products were given . 

Grove and Raudsapp ( 19 7 8 )  conducted experiments on a 15597  
synthetic composition to study the kinetic effects on pyroxene 
chemistry and the l iquid l ine of descent , documenting the 
departures of dynamic l iquid l ines of descent from ideal 
fractional crystall i zation . Diffusion at the interface and the 
suppress ion of late phases during rapid cool ing are important 
factors governing pyroxene and l iquid chemistries . Res idual 
l i quids metastably penE�trated the plagioclase primary phase 
volume . 
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Figure 6 .  Summary of l inear controlled cool ing rate and 
equilibrium experiments on synthetic glass with the 
bulk composit ion of 15597 ( Grove and Bence , 197 7 ) . 
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Grove and Lindsley ( 19 7 9 a )  conducted an experimental study on a 
late-stage l iquid compostion for 15597  at a cool ing rate of 
0 . 5°C/hr in an attempt to produce pyroxferroite and understand 
why pyroxferroite or alternatively fayal ite and s i l ica 
crystal l i z e .  I f  pyroxferroite was produced in the experiments , 
it was not as large or abundant as  those in coarse-grained 
quartz -normative basalts , and the controlling factors for this 
(metastable)  pyroxferroite production remain unknown . Grove and 
Lindsley ( 19 7 9b )  conducted experiments on synthetic compositions 
of 1 5 5 9 7  and its residual l iquids in a study of the partitioning 
of  Fe , Mg , and ca between p igeonite and l iquids in basaltic 
l iquids . 

CHEMISTRY : Bulk rock chemical analyses are l i sted in Table 3 and 
the rare earths shown in Figure 7 .  The analyses are generally 
consistent , as might be expected of  such a fine-grained , glassy 
rock , and are clearly of  an average Apollo 15 quartz-normative 
basalt . It is a l ittle lower in MgO and higher in FeO than some 
coarser members of  the group , such as  15065 . Helmke et al . 
( 19 7 3 )  placed 1 5 5 9 7  in a low Sm/Eu group of  quartz-normative mare 
basalts . Compston et al . ( 19 7 2 )  noted that their Rb determina
tions by XRF were systematically lower than their more rel iable 
isotope dilution analyses . 

Nava ( 19 7 4 ) reported an analysis of  the groundmass glass 
separated from ground bulk rock powder by heavy l i quid methods . 

STABLE ISOTOPES : Clayton et al . ( 19 7 2 ) reported o 180 values of 
5 . 6 0 for glass and 5 . 4 1 for p igeonite , without specific 
discuss ion . They are typical lunar values . 
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TABLE 15597-3. BJ1k rock dlanica1 analyses 

' 21 . a  , 19 , 0  , 21 , 27 , 6  
wt %  Si02 47.98 48.0 48. 1 

Ti02 1 .80 1.84 1 .87 
Al203 9.44 9 .55 9 .27 
FeO 20.23 20.6 20.17 
M30 8.74 9 .06 9 . 18 
Ca.O 10.43 10.4 9. 69 9.5  
N>20 0.32 0.317 0.32 
K20 0.06 0.078 0.056 0. 053 0. 053 
P205 0. 07 0.107 

(wn) Sc 
v 
Cr 3290 3356 
Ml 2320 2160 1970 
Co 40 
Ni 30 
Rb 0.90 1 . 13 0.72 Sr 109.4 91 111 .0  y 27 
Zr 101 Nb 6 Hf Ba 52 
'lh 0.53 u 0 . 14 
Ib La 4. 86 
Ce 13.0 
Pr 
Nd 9. 3 an 3.09 
Ell 0.84 
G:l 4.4 
lli 0.69 
Dy 4.51 
lb ().86 
Er 1 . 9  
1ln 
Yb 2 . 13 
lll 0. 301 Li Be B 
c 
N 
s 600 
F 
C1 
Br 0.024 
D.l 
Zn 1 .2  

(ppb) I 
At 
Ga 2600 
Ge 

,. lis 

Se 117 
Mo 
Tc 
RJ 
Rh 
ru 
kj 0.90 
cc 1 . 7  
In 0.59 
Sn 
Sb 1 .49(a) 
Te 1 .9  
Cs 37 
'fa 
w 
Re 81 
Os 
Ir .0072 
Pt 
hl .045 
H;J 
T1 0. 32 
Bi 0. 21 

(2) (3) (4) (5) (6) (7) 
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R e f e r e n c e s  t o  T a b l e  1 5 5 9 7 - 3 

!:f.eference.s and met.hcd s :  - - ------- ----

( 1 }  01appell and Green ( 1973} , O:n'f'Ston et a l .  ( 1 972} : XRF 
( 2 )  Helmke et a l .  ( 1973 ) ;  INAA, AAS, RNAA- -
( 3 )  Nava {1974) ; seni-micro, AAS, oolodmetry 
(4)  O ' Kelley et a l .  (1972 } ;  garnna ray spec 
( 5) O:n'f'Ston et a l .  ( 1972 ) :  ID/MS (6)  Kirsten et al . ( 1973 ) ;  argon, irradiation 
( 7 )  Ganapathy et a l .  ( 1973 ) ;  RNM 

�bt es: 

(a) doubtful -- c..'Ontamination or analytical erm�:--in authors ' o.r.n jLXlgauent . 

F igure 7 .  

s 

m i !OO·c 

I 

I . --+---------"'--(<-----I 
IDe 

La Ce Pr Nd 

, 8  - Helmke e t  a l .  ( 1973) ;  INAA, AAS, RNAA 

Rare Earth Element 

LEGEND: SPEClFIC � . 8 

Rare earths in 1 5 597,  
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RADIOGENIC ISOTOPES AND GEOCHRONOLOGY : Kirsten et al . ( 19 7 3 )  
reported a 4DAr-39Ar plateau age of  between 3 .  1 and 3 .  5 b .  Y · , an 
imprecise age but covering the known age of other Apollo 15 
quartz-normative mare basalts . The sample contains large amounts 
of excess argon , released between 5 8 0°C and 8 8 0°C , which Kirsten 
et al . ( 19 7 3 )  suggest was probably incorporated while the magma 
was upwell ing through older crust and then frozen in . 

Compston et al . ( 19 7 2 ) reported Rb-Sr isotopic data for a whole
rock sample . The 87Rb;sesr ( 0 . 0 2 9 4 )  and s7s r;sssr ( 0 . 7 0 0 9 1  ± 
1 0 )  give an initial 87S rj86S r  of 0 .  69953  for an assumed age of 
3 . 3 5 b . y . , an initial value indistinguishable from other Apollo 
15 mare basalts . 

RARE GASES . RADIONUCLIDES AND EXPOSURE : Kirsten et al . ( 19 7 3 )  
reported a 38Ar exposure age o f  2 10 m . y . , without comment . 
Eldridge et al . ( 19 7 2 ) reported disintegration count data for 
22Na , 26Al , and 54Mn without discussion . The 26Al is saturated 
( Yokoyama et al . ,  19 7 4 )  indicating exposure of  a mill ion years or 
more . 

PHYSICAL PROPERTIES : Hargraves and Dorety ( 19 7 2 )  measured the 
intensity of the natural remanent magentization, saturated IRM , 
and their variation with AF demagneti z at ion ( Fig . 8 ) . They found 
that their sample had a stronger intensity of  remanence than many 
of the other samples they analyzed , even higher than the older 
Apollo 11 basa lts . Ful ler et al . ( 19 7 9 )  made a comprehensive 
study of the magnetism of 15597 and some other fine-grained 
basalts . They found that two subsamples of  , 2 0 ,  whose mutual 
orientations are not known , gave different AF demagneti z at ion 
curves but that both had good directional stab i l ity (Fig . 9 ) . 
Thermal demagneti z at ion to 1 0 0°C had no s ignificant effect on the 
NRM . The magnitude of  the NRM in the two subsamples differed by 
almost an order of magnitude . The stabil ity of the NRM is  less 
than the anhysteric remanent magnetization (ARM) and saturated 
IRM , so is unl ikely to be a thermoremanent magneti z ation ; the NRM 
was acquired by a s ingle process which activated hard and soft 
microscopic coercivities . Fuller et al . ( 19 7 9 )  bel ieved that the 
NRM was too soft to be of thermal origin and too hard to be 
simply isothermal contamination . The explanation they considered 
to be least unacceptable was that the NRM was a shock remanent 
magneti z ation . Paleointensity field derivations hence must be 
virtually impossibl e .  Fuller et al . ( 19 7 9 )  also tabulated many 
of the magnetic properties derived from hysteresis loops . The 
saturated magneti z ation (Js)  and the JrjJs are so small that a 
mixture of single domain with either multidomain or super
paramagnetic grains is suggested . Heating experiments showed 
little change in the saturated magneti z ation but the saturated 
IRM increased by an order of magnitude . 
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Figure 8 .  NRM intens ity ( solid l ine) and saturated IRM ( dashed 
line) for 15597  and 1 5 6 6 2  (Apollo 15 ol ivine-normative 
mare basalt) . (Hargraves and Dorety , 197 2 ) . 

Figure 9 .  
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changes . ( Fuller et al . ,  197 9 ) . 
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c isowski et al . ( 19 8 3 )  ( of which Ful ler is a co-author) contested 
the NRM data of Hargraves and Dorety ( 19 7 2 ) , suggesting that the 
chip used was small and its high NRM was magnetically contam� 
inated . Cisowski et al . ( 198 3 )  made new measurements and , w1th 
the data from Fuller et al . ( 19 7 9 )  noted that the NRM ' s  were an 
order of  magnitude l ower . In contrast with Fuller et al . ( 19 7 9 ) , 
Cisewski et al . ( 198 3 )  bel ieved that paleointensity data were 
obtainable and that the NRM was not a shock remanent 
magneti z ation .  

PROCESSING AND SUBDIVISIONS : A s ingle ,  nearly 2 0  g piece ( , 1 ) 
was chipped from the "W" end and entirely subdivided for the 
initial allocations . Subsamples included , 7 ,  made into a potted 
butt and partly used to make thin sections , 7 ;  , 1 6 ;  , 18 ;  and , 2 3 ;  
potted butt , 2 2 ( thin sections , 2 4 to , 2 6 ) ; thin sections were 
also made from pieces of , 2  ( thin sections , 11 ;  , 12 ;  , 14 ;  , 15 ;  
and , 17 ) . Further chippings were made from the same area to 
ful fill chemistry allocations , and , in 1 9 7 9 , magnetism 
allocations . 
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15598  FINE-GRAINED OLIVINE-NORMATIVE ST . 9A 1 3 5 . 7  g 
MARE BASALT 

INTRODUCTION : 1 5 5 9 8  is an ol ivine-normative mare basalt with 
small ol ivine phenocrysts and a texture and grain-size very 
similar to 155 3 5  (which was chipped from a boulder 2 0 m away) . 
Its chemistry is that of  an average Apollo 15 ol ivine-normative 
mare basalt . The sample is l ight brownish gray , blocky ,  
subrounded ,  and tough ( Fig . 1 ) . I t  has a few smallvugs , and many 
zap pits on most surfaces .  It was collected in the vicinity of 
the boulder from which 15595 and 15596  were taken , but it has not 
been identified in surface photographs . 

Figure 1 .  Macroscopic pre-split view of 1559 8 .  S-71-46697  

9 9 6  
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PETROLOGY : 15598 cons ists mainly of small ol ivine phenocrysts , 
granular clustered pyroxenes ,  and plagioclases ( Fig . 2 ) . It has 
residual patches of glass , fayalite , sulfides , and cristobalite . 
Opaques range from chromite to ulvospinel and ilmenite . The 
sample is  very s imilar to 15535 but is perhaps sl ightly finer in 
grain s i z e  and has less cristobal ite . 

· 

Brown et al . ( 19 7 2 ) noted that 15598  was an ol ivine-normative 
mare basalt ( i . e . , PET , 'I'ype I I I )  but gave no specific data . 
Weiblen and Roedder ( 19 7 3 ) studied melt inclusions in ol ivine as 
well as other features . Two analyzed melt inclusions ( archived 
data) contai:r:ed 5 7 . 2 % SiO� .

an
.
d 6 0 . 2 % S i02 , in hosts of Fo50.2 and 

Fo62.2 respect1.vely . The e>l1.v1.ne phenocrysts are reported as 
zoned over the same range� . One olivine encloses Mg-Al chromite 
and Fe metal with 3 4 %  Ni ( analyses archived) . There are also late
stage high-sil ica melts in ilmenite and as melts interstitial and 
adj acent to ilmenite , pyroxferroite ( ? ) , and sadie plagioclase 
( An85.4 ) .  Roedder and Weiblen ( 19 7 7 )  made many more analyses of 
melt-inclusions in olivine and ilmenite , and archived the data . 
Bel l et al . ( 19 7 5 )  report.ed the presence of Type A symplectites 
( disseminated rosettes ) in olivines . 

Figure 2 .  Photomicrographs of 15598 , 10 .  Widths about 3 rom .  
transmitted l ight ; b )  crossed polari zers . 

9 9 7  
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CHEMISTRY : Rhodes and Blanchard ( 19 8 3 )  reported a maj or and 
trace element analys is of a 2 gram spl it of 1559 8 . The sample is 
an average olivine-normative mare basalt . 

PROCESS ING AND SUBDIVISIONS : 1 5 5 9 8  was chipped to produce , 5  
( apparently without photo documentation) which was made into a 
potted butt and partly used to make thin sections , 1 0 to , 12 .  
Other smal l  chips and f ines ( , 6 :  , 7 ) were produced at the same 
time . In 1 9 8 2 , further chipping from the "T"  end produced the 
splits for chemical analysis . , o  is now 1 2 6 . 5  g .  

9 9 8  
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15605 COARSE-GRAINED O LIVINE -NORMATIVE ST . 9A 6 . 1  g 
MARE BASALT 

INTRODUCTION : 15605 is a coarse-grained , ol ivine-bearing mare 
basalt which is very ves icular ( F ig . 1 ) . The olivine only rarely 
forms phenocrysts . In chemistry the sample is an average member 
of the Apollo 15 o l ivinE"-normative mare basalt group . The sample 
is brownish gray , stubby , angular , and tough , with the sparse 
yellow-green ol ivines visible macroscopically . The large ( 1  to 4 
mm) vesicles compose about 1 5 %  of the rock . No z ap pits were 
observed . 15605 was coll ected as part of the rake sample at 
Station 9A . 

Figure 1 .  Post-spl it view of 156 05 . S-7 2 - 19 8 4 2  
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PETROLOGY : 1 5 6 0 5  is  a coarse-gra ined , ol ivine-bearing mare 
basalt ( Fig.  2 ) . The ol ivines are anhedral and do not generally 
form phenocrysts , being only 1 rom or less in diameter . One 
ol ivine in thin section is an elongated , hollow ,  ragged 
phenocryst 3 rom long ( Fig . 2 ) . Generally the texture is 
gabbroic . The dominant phase is pigeonite which is  commonly 
twinned and zoned outward to augite . Some contain small ol ivine 
cores or inclus ions . stubby plagioclase laths are generally 
interstitial but enclose some small pyroxenes and olivines ; most 
plagioclases are about 1 mm long . Cristobal ite and fayalite are 
present . 

Fig. 2a 

Fig. 2b 

Figure 2 .  Photomicrographs of  1 5 6 0 5 , 5 .  Widths about 3 mm .  a )  
transmitted l ight ; b)  crossed polari zers . Grain 
crossing center from left to right is a hollow , 
anhedral ol ivine phenocryst . 
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CHEMISTRY : A bulk rock chemical analys is  ( Table 1 ,  Fig . 3 )  shows 
15 605  to be a member of the Apollo 15 ol ivine-normative mare 
basalt group . The crit ical element Mg is imprecisely measured 
with the technique used , hence its apparent average nature i s  
uncertain . 

PROCESS ING AND SUBDIVIS IONS : 
( Fig . 1 ) , and , 0  i s  now 3 . 1 1 
and partly used to make thin 

""j 
I i I 
I I I 

m I I 
lOOl 

e I 
I l 

I 

1 5 6 0 5  was substantially chipped 
g .  , 1  was made into a potted butt 
sections , 5  and , 6 . 

1 5605 

�---------��-
r 10� ----� 

I 

La Ce Pr Nd 

* , 3  - Ma et al . ( 1 978); ! NAA 

* Gd value calculated. 

Rare Earth Element 

LEGEND: SPECIFIC � , 3 

F igure 3 .  Rare earths in 15605 .  
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TABI .E ) S605-l . &Ilk rcx:k chanical analysis 

Wt %  

(wnl 

(wb) 

Sl.02 
Ti02 
Al203 
FeO MgO 
cao 
Na20 
1<20 
P205 
Sc 
v 
Cr 
fotl 
0:> 
Ni 
Rb 
Sr 
y 
Zr 
Nb 
Hf 
Ba 

1h 

u 

Eb 

La 

Ce 

Pr 

N'l 

, 3 

2 . 1  
9 . 1  

22. 3  
11 

10. 1  
0. 257 
0.051 

42 
232 

4150 
1300 

51 
40(a) 

2 . 5  
45(b) 

5 . 4  

an 3 . 6  
Eu 0 . 84  
Gd 
Tb 0.7 
Dy 4 . 5  
lb 
Er 
'lln 
Yb 2 . 3  
LU 0. 29 
Li 
Ee _B ______ _ 

c 
N 
s 
F 
Cl 
Br 
ili 
Zn 
I 

At 

Ga 

Ge 

As 

Se 

I'D 

Tc 

Ru 

Rh 

re 

Ol 

In 

Sll 

Sb 

Te 

Cs 

Ta 450 w 
Fe Os 
Ir pt J\u 
Hg Tl Bi 

1 )  

References arrl meth:rls: 

(1) Ma et al. ( 1978) : INAA 

Notes: 

(a) +20 ppn 
(b) :;_::2s wn 
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15606  MEDIUM-GRAINED OLIVINE-NORMATIVE ST . 9A 10 . 1 0 g 
MARE BASALT 

INTRODUCTION : 15606  is a medium-grained ol ivine-bearing and very 
vesicular mare basalt ( Fig . 1 ) . The ol ivine only rarely forms 
phenocrysts . In chemistry , the sample is a fairly average member 
of the Apollo 15 olivine-normative mare basalt group . The sample 
is  brownish gray with the few small yellow-green olivines 
vis ible , and is blocky , subangular , and tough . The large (up to 
5 mm) spherical vesicles compose 45%  of the volume . No zap p its 
were observed . 15606  wa s col lected as part of the rake sample at 
station 9A.  

Figure 1 .  Pre-split view of 156 0 6 .  S-7 1-4 4 9 4 0  
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PETROLOGY : 15606  is an ol ivine-bearing basalt with a gabbroic 
texture of medium grain size ( Fig . 2 ) . The dominant phase is 
pigeonite which is anhedral and smal ler ones are granular . 
Larger ones have small  ol ivine inclus ions . The plagioclases form 
laths less than 1 mm long ; a few are up to 2 mm and ophitically 
enclose smal l  o l ivines and pyroxenes .  Most o l ivines are less 
than 1 mm across . Opaque phases range from chromite to 
ulvospinel to ilmenite . Res idual phases include fayal ite , 
cristobal ite , glass , ilmenite , ulvospinel , and troil ite . Fe
metal is scarce . 

Figure 2 .  

Fig. 2a 

Fig. 2b 

Photomicrographs of 15606 , 5 .  Widths about 3 mm. a )  
transmitted l ight ; b )  crossed polari zers . 
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CHEMISTRY : A bulk rock analys i s  is presented in Table 1 with 
rare earths shown in Figure 3 .  The sample is an average member 
of the Apollo 15 olivine-normative mare basalt group . 

PHYS ICAL PROPERTIES : Gose et al . ( 19 7 2 )  and Pearce et a� . ( 19 7 3 ) 
measured a natural magnet ic intens ity of 7 . 0  x l0-6 emujg for the 
bulk sample ,  an intens ity typical of Apollo 15 mare basalts . 

PROCESSING AND SUBDIVI SIONS : A s ingle chip ( , 1 ) was removed and 
subdivided to give , 1  through , 4 .  , 2  was potted and partly used 
to make thin sections , 5  and , 6 .  , 0  i s  now 7 . 13 g .  

1000-j 

I I 
s I 

i 
m i 100 1 

I 
! 
' 

I 

1 5606 

, �--------v---� 10� � 
I ! 
I 

La Ce Pr Nd 

- Helmke et a l .  ( 1973) ;  I NAA, AAS, RNAA 

Rare Earth Element 

LEGEND: SPECIFIC H-V , 3 

Figure 3 .  Rare earths in 15606. 
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TABLE 15606-l . Bulk rock 
chemical analysis 

, 3 
Wt %  Sl.02 47.7 

Ti02 2 . 51 
A1Xl3 8.72 
FeO 22. 0  
�0 10.0 
CaO 9 . 56 
NaXJ 0. 257 
K20 0. 053 
PXl5 

(pfiii) Sc 41 .8 
v 
Cr 4610 
"" 2130 

Co 49 
Ni 
Rb 0 . 71 
Sr 
y 
Zr 

Nb 
Hf 3 . 4  Ba 
'Ih 

u 

fu 

[a 5 . 56 
Ce 14. 3 
Pr 
Nd 11.9  
an 3.84 
El..! 0.92 
Gd 4 . 8  'lb o . ao  
l}y 5 . 60 
lb 1 . 09 
Er 3 . 2  
'J)n 
Yb 2.45 
ill 0. 340 Li Be 
B 
c 
N 
s 
F 
C1 
Br 
cu 
Zn <2 

\ppb I 
At 
Ga 3700 
Ge 
As 
Se 
!1:> 
Tc 
� 
Rh 
M 
1'<3 
Cd 
In 
Sn 
Sb 
Te 
Cs 44 
Ta 
w 
Re 
Os 
Ir 
pt 
l\U--- - ----- ---

llg 
Tl 
Bi ---- -- ---m--

References and methcds: 

(l)  He lrrke et al. ( 1973 ) '  
INAA, �RNAA 
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1 5 6 07 FINE-GRAINED OLIVINE-NORMATIVE ST . 9A 14 . 8  g 
MARE BASALT 

INTRODUCTION : 15607  is a fine-grained , ol ivine-bearing mare 
basalt ( Fig.  1 )  in which ol ivine forms small phenocrysts . In 
chemistry the sample is an average member of the Apollo 15 
olivine-normative mare basalt group . A 40Ar-39Ar plateau age of 
3 . 2 7 ± 0 . 12 b . y .  ( Husain , 19 7 4 )  is only sl ightly lower than 
other such basalts and the sample has suffered considerable gas 
loss . The sample is gray brown with yellow-green ol ivines 
visible . It is irregularly-shaped and is coherent . Small vugs 
are common ; no zap pits were observed . 15607  was collected as 
part of the rake sample at Station 9A. 

Figure 1 .  Pre-chip view of 15607 . S-71- 4 4 9 3 3  
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PETROLOGY : 15607 is  a fine-grained ol ivine-bearing mare basalt . 
The texture is dominated by small granular pyroxenes and ol ivines 
embedded or partly embedded in plagioclasE�s up to 2 mm long ( Fig . 
2 ) . Ol ivines form sparse anhedral phenocrysts . Dowty et al . 
( 19 7 3 a , b )  reported a mode with 56% pyroxene , 3 0% plagioclase , 8 %  
ol ivine , 5% opaques , and 1 %  sil ica (which is  actually cristo
balite) . Microprobe analyses of pyroxenes , plagioclases , 
ol ivines , potash feldspar , Si-K glass , and Fe-metals were 
reported by Dowty et al . ( 19 7 3b , c ) with the opaque phases 
tabulated in Nehru et al . ( 197 3 ) . Nehru �t al . ( 19 7 4 ) included 
15607 in their general discussion and tabulated a chromite 
analysis . Some of the mineral chemistries are diagrammed in 
Figure 3 .  The metal contains 1 . 4  to 1 . 8 % Co and 4 . 3  to 7 . 7 % Ni ; 
the ilmenite contains 0 . 5  to 0 . 9 1% MgO . 

Figure 2 .  

F�. 2a 

�. 2b 

Photomicrographs of 15607 , 8 .  Widths about 3 mm . a )  
transmitted light ; b )  crossed polarizers . 
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CHEMISTRY : Chemical analyses are listed in Table 1 with the rare 
earths shown in Figure 4 .  A bulk analysis using the microprobe 
defocussed-beam method is l isted as Table 2 and is very consist
ent with the conventional chemical analyses . The analyses show 
1 5607  to be a fairly average Apollo 1 5  ol ivine-normative mare 
basalt . Ma et al . ( 19 7 6 )  found a high SmjEu and suggested that 
it belonged to a group different from some other such basalts , 
but the analysis of  Laul and Schmitt ( 19 7 3 )  has a low Sm/Eu and 
suggests that SmjEu is either too subj ect to sampl ing errors or 
too imprecisely determined to be a group discriminator in this 
case . 

Christian et al . ( 19 7 2 ) and Cuttitta et a l .  ( 19 7 3 ) analyzed for 
Fe203 and found none , and reported an " excess reducing capacity" 
( over FeO) of +0 . 17 .  Their rare earth data is ( systematically)  
higher than other group ' s  analyses and are unrel iable . 

m 

c 

10001 
I I 
I 

100� 

I 
i 

� �-�=��-" 
101 

i 
I I * ' 14(A) - Ma et a t _  ( 1 976) ;  I NAA 

La Ce Pr Nd 

* ' 14(8) * ,5 - Husain ( 1 974) 
- Laul and Schmi tt  ( 1 973) ;  I NAA 

* Gd value calculated. 

Rare Earth Elmnt 

LEGEND: SPECIFIC �-H , 14 /A) H-f , 14 /81 �-frh , \ 

_F ig_UL<l.3 . Rare earths in 1 5 6 0 7 .  
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TABLE 1 5 6 0 7 - 2 . Defocussed beam bulk 
analysis ( Dowty et al . ,  1 9 7 3  a , b ) 

Wt % S i02 4 4 . 6  
Ti02 2 .  !:i 8 
Al203 8 . 8  
FeO 2 2 . 3  
MgO 9 . 7  
cao 9 . 8  
Na20 0 . 3 3 
K20 0 . 0 2 
P205 0 . 0 9 

ppm cr 3 0 1 0  
Mn 1 8 6 0  

1 0 1 2  
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RADIOGENIC ISOTOPES AND GEdCHRONOLOGY : Husain ( 19 7 4 )  reported 
Ar isotopic data for step-wise heating . He found that 3 9 . 4 % of 
the 4DAr had been lost , resulting in a K-Ar age of 2 . 52 ± 0 . 0 2 
b .  y .  However , a 4DAr-39Ar plateau age (high temperature 
re leases) was 3 . 2 7 ± 0 . 12 b . y . , sl ightly lower than but within 
error of the ages of other Apollo 15 mare basalts . PlieningN· 
and Schaeffer ( 19 7 6 )  tabulated laser-probe-released argon 
isotopic analyses for individual phases . The interiors of plagio-

clase gave an average age of 3 . 55 ± 0 . 2 0 b . y . , imprecise but 
within error of the usual age of  such basalts . The pyroxenes and 
the K-rich mesostasis showed abundant gas loss giving 
substantially lower ages ( Fig . 5 ) , with the K-rich mesostasis 
giving an age ( 2 . 5 6 ± 0 . 0 5 b . y . ) s imilar to the K-Ar age . 

EXPOSURE : Husain ( 19 7 4 ) reported a 38Ar spallation age of 3 0 0  ± 
12 m . y .  for 1 5 6 0 7 . 

PROCESSING AND SUBDIVIS IONS : Smal l  chips were removed from , 0 , 
which is now 11 . 6 6 g .  , 2  was potted and partly used to make thin 
sections , 6  to , 8 .  In 1975  further chipping produced , 14 for 
chemical analysis . 

40 
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1 560 8  PORPHYRITIC SPHERULITIC QUARTZ -NORMATIVE ST.  9A 1 . 2  g 
MARE BASALT 

INTRODUCTION : 15608  is a fine-grained , sl ightly vesicular 
quartz-normative mare basalt ( Fig . l ) . It  is microporphyritic,  
and has a textural gradation across it  which suggests it  is a 
chil l ed margin sample . It  is gray , angular with subrounded 
corners , and tough . It has a few per cent t iny vugs and many zap 
pits on most faces . 15608  was col lected as part of the rake 
sample at S tation 9A . 

Figure 1 .  Pre-split view of 15608 . S-71-4 4 9 6 6  

PETROLOGY : 15608 cons ists dominantly of skeletal pigeonite micro
phenocrysts in a finer-grained , vari ol itic groundmass ( Fig . 2 ) . 
The groundmass consists of pyroxene , plagioclase , and opaque 
minerals ( chromite , ulvosp inel ma inly) . Glass is minor . Rarely , 
aggregates of small olivine phenocrysts are present . The pyroxene 
commonly form radial structures . A unique feature of this sample 
is that one edge is much finer-grained and consists of parallel 
pyroxene blades ( Fi g .  2 )  and a groundmass arrangement of 
plagioclase , pyroxene , and opaque mineral s perpendicular to them . 
This edge would appear to be a chilled margin ; even so , it 
contains very little glass . Steele et al .. ( 1 972 ) reported that 
the skeletal pyroxenes were Mg-rich and the groundmass pyroxenes 
were more Fe-rich . They suggested that the textures indicated 
devitri fication but did not mention the strong textural grade . 

PROCESS ING AND SUBDIVISIONS � The sample >vas sawn to 
pieces . , o  is now only 0 . 3 7 0  g and has a sawn face . 
potted and partly used to make thin sections , 5 ;  , 6 ;  

1 0 1 4  

produce two 
, 1  was 

and , 7 .  
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Fig. 2a Fig. 2b 

Figure 2 .  Photomicrographs of 15608 , 6 .  Widths about 3 mm . a)  
transmitted l ight ; b )  crossed polarizers . Top are the 
finer-grained parallel blades of p igeonite which 
probably are a chilled margin . Center is a cluster of 
equant olivine microphenocrysts . 

1 0 1 5  
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15609 FINE-GRAINED OLIVINE-NORMATIVE ST . 9A 1 . 10 g 
MARE BASALT 

INTRODUCTION : 1 5 6 0 9  is a fine-grained ophitic ol ivine-bearing 
mare basalt ( Fig . 1 )  which is presumably a f ine-grained member of 
the Apollo 15 ol ivine-normative mare basalt group . It is a 
blocky , subangular , tough fragment which was original ly too dust
covered for surface features to be inspected . The yellow-green 
ol ivines are visible macroscop ical ly . 1 5 6 0 9  was coll ected as 
part of the rake sample at Stat ion 9A. 

PETROLOGY : 15609  is a f ine-gra ined ol ivine-bearing mare basalt 
( F ig .  2 ) . Smal l ,  sparse ,  anhedral ol ivine phenocrysts and smal l ,  
granular o l ivines and pyroxenes are embedded in plagioclases 
which are less than 1 mm long . Opaque phases cluster with the 
granular mafic grains and range from chromite through ulvospinel 
to ilmenite . 

PROCESSING AND SUBDIVISIONS : A small  piece was chipped to make 
potted butt , 1  which was partly used to make thin sections , 5  and 
, 6 . , 0  i s  now 0 . 7 6 g .  

Figure 1 .  Pre-chip , dust-covered view of 1 5 6 0 9 . S-71- 4 4 9 6 2  

1 0 1 6  
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Fig. 2a Fig. 2b 

Figure 2 .  Photomicrographs of 15609 , 5 .  Width about 3 rom .  a )  
transmitted l ight ; b )  crossed polariz ers . 

1 0 1 7  
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1 5610  COARSE-GRAINED OLIVINE-NORMATIVE ST . 9A 1 . 5 0 g 
MARE BASALT 

INTRODUCTION : 1 5 6 1 0  is a coarse-grained , ol ivine-bearing mare 
basalt with a hackly appearance ( F ig .  l ) . The olivine does not 
form phenocrysts . The sample is brownish gray , blocky and 
angular , and tough . It contains 10 to 15% cavities with pyroxene 
prisms crossing them . The yel l ow-green ol ivines are vis ible but 
not conspicuous macroscop ical ly . A few zap pits occur on one 
face . 1 5 6 1 0  was collected as part of the rake sample at Station 
9A . 

Figure 1 .  Post-chip view of 15610 . S-72 - 2 0 3 7 8  

1 0 1 8  
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PETROLOGY : 15610  is a very coars e ,  gabbroic-textured olivine
bearing basalt . Plagioclases 1 to 2 mm across enclose small 
pyroxenes and ol ivines . Some pyroxenes larger than 1 mm across 
are twinned , and sparse olivines up to 2 mm across contain 
sil icate l iquid inclusions . Dowty et al . ( 19 7 3 a , b ) gave a mode 
of 5 1 %  pyroxene , 2 5 % plagioclase , 1 3 %  olivine , 8 %  opaque 
minerals ,  0 . 6 % sil ica ( actual ly cristobal ite ) and 2 . 4 % 
mesostasis . The residual phases include glass , cristobal ite , 
troilite , and sieved fayal ite . Mi croprobe analyses of pyroxene , 
olivine , plagioclase , s i -K-rich glass , and metal were tabulated 
by Dowty et al . ( 19 7 3 c )  and sp inel group and ilmenite analyses 
were tabulated by Nehru et al . ( 1 9 7 3 ) . Nehru et al . ( 19 7 4 ) 
tabulated a chromite analys i s  and included 1 5 6 1 0  in their general 
discussion . The mineral chemistries ( Fig . 3 )  are typical of 
Apollo 15 ol ivine-normative mare basalts . The metal contains 1 . 0  
to 2 . 3 % co and 0 . 8  to 12 . 5 % Ni , and the ilmenite contains 0 . 13 to 
1 .  2 1% MgO . 

Figure 2 .  

Fig. 2a Fig. 2b 

Photomicrograph of 15610 , 6 .  Widths about 3 mm . 
transmitted l ight ; b )  crossed polarizers . 

1 0 1 9 
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Figure 3 .  
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CHEMISTRY : The only bulk analysis i s  the microprobe defocussed
beam analysis of Dowty et al . ( 19 7 3 a , b ) ( Table 1 ) . The analys i s  
shows a fa irly average Apollo 15 ol ivine-normative mare basalt . 

PH.OCE S S I NG AND SUBDIV I S IONS : A s ingle piece was chipped off ( , 1 ) 
( Fig . 1 ) , potted and partly used to make thin sections , 5  and , 6 .  
, o  is now 1 . 2 3  g .  

TABLE 1 5 6 1 0 - 1 . Defocussed beam bulk 
analysis ( Dowty et al . ,  19 7 3 a , b )  

wt % 

ppm 

S i02 
Ti02 
Al203 
FeO 
MgO 
cao 
Na20 
K20 
P205 
cr 
Mn 

1 0 2 1  

4 4 . 8  
2 . 8 6 

7 . 8  
2 2 . 9  
10 . 7  

9 . 6  
0 . 2 8 
0 . 0 6 
0 . 1 8 
3 4 2 5  
1 9 4 0  
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15612 MEDIUM-GRAINED OLIVINE-NORMATIVE ST . 9A 5 . 9 0 g 
MARE BASALT 

INTRODUCTION : 15612  is a medium-grained ol ivine-bearing mare 
basalt which is  very vesicular ( Fig.  1 ) . A few ol ivines form 
phenocrysts . In chemistry the sample appears to be an Mg-rich 
member of the Apollo 15 ol ivine-normative mare basalt group . It 
is tough with the porphyritic ol ivines macroscopically visible . 
15612  was collected as part of the rake sample at Station 9A . 

PETROLOGY : 15612 is  a medium-grained ol ivine-bearing mare basalt 
( Fig . 2 )  with some of the olivine forming anhedral phenocrysts up 
to 2 mm long . Plagioclase laths proj ect into their exteriors in 
a pecul iar multiple needle-l ike fashion . The dominant phase is 
pyroxene in large and small grains . Res idual phases include 
fayal ite ( sieved and unsieved) , cristobal ite , glass , ulvospinel 
and ilmenite , and troilite . The sample is very ves icular , and 
many of the vesicles are l ined with opaque minerals ,  mainly 
ulvospinel . 

CHEMISTRY : A bulk chemical analys is , l isted in Table 1 and with 
rare earths shown in Figure 3 ,  shows the sample to be a member of 
the Apollo 15 olivine-normative mare basalt group . The low Ti02 
and the ( imprecisely measured) high MgO suggest that the sample 
is not average but an Mg-enriched sample . 

PROCESSING AND SUBDIVISIONS : Original chipping produced some 
small chips ( , 1 ) ,  and a larger chip ( , 2 ) . The latter was partly 
used to make thin sections , 6  and , 13 .  In 1976  three of the 
larger chips composing , 1  were allocated for chemistry and a 
third thin section ( , 10 )  also made from them . , o  is  now 4 . 6 0 g .  

Figure 1 .  Pre-chip view of 15612 . S-71-4 9 066  

1 0 2 2  



Fig. 2a Fig. 2b 

1 5 6 1 2  

Figure 2 .  Photomicrographs of 15612 , 13 .  Widths about 3 mm . At 
bottom is  opaque-l ined vesicle . Center is an ol ivine 
phenocryst with plagioclase proj ecting into it . a )  
transmitted l ight ; b)  crossed polarizers . 

1 0 2 3  
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TABLE 15612M·l- Ro..!H: roc:k 
chemical analysis 

, 3  
Wt %  SJ.02 

Ti02 2 . 2  
AlXl3 s. s 
FeO 22.2 
�0 12 
ca.o 9.2 
Na.Xl 0. 244 
K20 0. 037 
P205 

(ppn) Sc 37 
v 208 
Cr 5500 
.... 2015 
Co 52 
Ni 65(a) Rb Sr 
y 
Zr Nb Hf 2 . 7  
Ba SO(b) 
'Ih 

u 

lb 

J..a s . s  

Ce 

Pr 

N:i 

an 3.6 
Eu 0.84 
Gl 
'lb 0.7 
I>{ 4. 2 
lb 
Er 
'lln 
Yb 2 . 2  
Ill Q. 31 
Li 
Be 
B 
c 
N 
s 
F 
C1 
Br 

ell 
Zn 

(�¢) I 
At 
Ga 
Ge 
As 
Se 
Mo 
Tc 
Rl 
Rh 
ru 
Pq 
O:l 
In 
Sn 
Sb 
Te 
Cs 
Ta 460 
w 
Fe 
Os 
Ir 
Pt ------- ------
"" 
a, 
T1 
Bi 

1 

c 

1000-j 
I ! I 
I 
! 

I I 1ooJ ! 

* ,3 · \\Ia et al . ( 1 978); I NAA 

* Gd value calcu l ated. 

La Ce Pr No 

Figure 3 .  

References arrl methcxis: 
( l )  Ma et al . (1978) ; INAA 

N:rt:.es: 

(a) + 30 ppn 
(b) � 40 ppn 
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15613  MEDIUM-GRAINED OLIVINE-NORMATIVE ST.  9A 1 . 0 0 g 
MARE BASALT 

INTRODUCTION : 15613  is a medium-grained ol ivine-bearing mare 
basalt which is vesicular ( Fig . 1 ) . A few olivines form 
phenocrysts . It is tough with porphyritic olivine macro
scopically visibl e . 15613 wa s collected as part of the rake 
sample at Station 9A . · 

PETROLOGY : 15613  is a medium-to fine-grained ol ivine-bearing 
mare basalt ( Fig . 2 )  with olivines largely phenocrystic . Most 
pyro"xenes are smal l ,  but a few are up to 2 mm long . The 
plagioclases form lathy to stubby hollow crystals which in places 
form a radiate structure . Dowty et al . ( 19 7 3 a , b ) described 15613 
as  a vesicular ol ivine microgabbro with small ol ivines and some 
variol itic- fasciculate i ntergrowths of feldspar and pyroxene . 
They reported a mode of 5 5 %  pyroxene , 2 9 %  plagioclase , 1 0 %  
olivine , 4 %  opaques , 0 . 6 % silica phase ( actually cri stobal ite ) 
and 1 . 4 % miscellaneous . Microprobe analyses of pyroxene , 
olivine , plagioclase , S i-K gla ss , and Fe-metal were tabulated by 
Dowty et al . ( l9 7 3c) , and spinel group and ilmenite analyses were 
tabulated by Nehru et a l  . .  ( 197 3 ) . The latter were included in 
the discussion but no data speci fied in Nehru et al . ( 19 7 4 ) . The 
metal grains contain 1 . 5  to 2 . 4 % Co and 6 . 7  to 8 . 5% N i ,  although 
one grain had 1 . 0% Co and 1 . 9 % Ni . Ilmenite contains 0 . 3  to 
1 . 95 %  MgO . The mineral compos itions ( Fig . 3 )  are typical of 
Apollo 15 olivine-normative mare basalts . 

CHEMISTRY : The only bulk analys is is the microprobe defocussed
beam analysis of Dowty gt al . ( 19 7 3 a , b ) (Table 1 ) . The analys is 
shows a fairly average A.pollo 15 ol ivine-normative mare basalt . 

PROCESS ING AND SUBDIVISIONS : 
the smallest of which remains 
other , , 1  was partly consumed 
I 3 ' 

Chipping produced two small pieces , 
as part of , 0  ( now 0 . 8 0 g) . The 
in producing thin sections , 2  and 

Figure 1 .  Post-chip vie!W of 15613 . Medium-si zed chip is , 1 .  

1 0 2 5  
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2a 

Fig. 2b 

Figure 2 .  Photomicrographs of 15613 , 2 .  Widths about 3 mm . a )  
transmitted l ight ; b )  crossed polarizers . 

1 0 2 6  



100 90 80 

L'!'J 
.oo So 90 

Figure 3 .  

70 

-
• 

• . , : . ... 
I • • • 
. . '· 

• 

• 

Pyroune composition (mOle "'o) 

60 00 40 

• 

30 

Forsterite content of olivine (mole%) 

' ' ' ' ' 
70 60 00 40 30 

Anorth1te content of plog•oclose (mole%) 

'·' 

. 4i O.E 

' '  

20 10 

20 00 

0.6 0.11 Fe/F•+ Mg 

' 
0 

0 

15613 

z n  

Spinel group minerals 

1 5 6 1 3  

. . . ·., 

Chemistry of minerals in 15613  ( Dowty et al . ,  1973b) . 

TABLE 1 5 61 3 - 1 . Defocussed beam bulk 
analys is ( Dowty et al . ,  19 7 3 a ,  b )  

wt % 

ppm 

S i02 
Ti02 
Al203 
FeO 
MgO 
CaO 
Na20 
K20 
P205 
cr 
Mn 

1 0 2 7  

4 4 . 1  
2 . 6 6 

9 . 2  
2 2 . 9  
10 . 4  

9 . 4  
0 . 3 4 
0 . 0 4 
0 . 0 6 
3 0 15  
1860  
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15614  COARSE-GRAINED OLIVINE -NORMATIVE ST . 9A 9 . 7 0 g 
MARE BASALT 

INTRODUCTION : 15614  is an ol ivine-bearing mare basalt which is 
very vesicular ( Fig . 1 ) . In chemi stry it is an average to 
magnes ian Apollo 15 olivine-normative mare basalt . It was 
col lected as part of the rake sample at Station 9A.  

PETROLOGY : 15614 is a ves icular , ol ivinE!-bearing mare basalt 
with a coarse gabbroic texture ( Fig . 2 ) . 

CHEMISTRY : A bulk chemical analysis is l i sted in Table 1 and the 
rare earths shown in Figure 3 .  The sampl e  is an Apollo 15 
olivine-normative mare basalt . On the basis of Ti02 and MgO it 
would appear to be an Mg-rich member of t:he group , but the MgO is 
imprecisely determined . 

PHYSICAL PROPERTIES : Gose et al . ( 19 7 2 ) and Pearce et al . ( 19 7 3 )  
measured a natural magnetic intens ity o f  5 . 4  x l 0-6 emuj g ,  a 
value typical for Apollo 15 mare basalts . 

PROCESSING AND SUVDIVISIONS : Chipping produced 
numbered , 1  and one chip numbered , 2  ( Fic;:r . 1 ) . 
chemical analysis and to make thin section , 5 .  
g .  

Figure 1 .  Post-chip view of 15614 . S-71-56156 

1 0 2 8  

several chips 
, 2  was used for 

, 0  is now 7 . 4 0 
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Fig. 2a 

Fig. 2b 

Figure 2 .  Photomicrographs of 15614 , 5 .  a )  Transmitted l ight ; b )  
crossed polarizers . Widths about 2 mm . 

1 0 2 9  
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TABLE 15614-L Bulk rock 

Wt % 

(ppn) 

(ppb) 

51.02 
Ti02 
Al203 
FeO 
MJO 
CaO 
Na20 
K2J 
P205 
Sc 
v 

Cb 
Ni lb Sr 
y Zr 
Nb 
Hf 
Ba 
"lh 

u 
A:> 

La 
Ce 
Pr 
Nj 

1:¥ lb Er 'lln 
Yb 
I.u 
Li 
Be 
B 
c 
N 
s 
F 
C1 
Br 
01 
Zn 
I 
At 
Ga 
Ge 
As 
Se 
lob 
Tc 

O:i 
In 
Sn 
Sb 
Te 
Cs 
Ta 
w 
Fe 
Os 
Ir 
pt 
hl 

Hg 
T1 
Bi 

' 2  

2 .0  
8. 8 

21. 3 
11 

8. 9 
0. 250 
0.034 

38 
218 

4685 
2070 

52 
70(a) 

2 .4  
SS(b) 

5 .2  

3 .4  
0. 76 

0. 6 
4. 0 

2 .0  
0.27 

390 

1 ) 

s 

e 

I 

100� 

100� 
i 

I 
�- -

10� I 
! I 

La Ce 
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Notes : 
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15615 MEDIUM-GRAINED OLIVINE-NORMATIVE ST . 9A 1 .  7 0  g 
MARE BASALT 

INTRODUCTION : 15615 is a medium-gra ined ol iv ine-bearing mare 
basalt which is very ves icular ( Fig . 1 ) . A few ol ivines form 
phenocrysts . It is  tough with the porphyritic olivines macro
scopical ly visibl e .  15615  was coll ected as part of the rake 
sample at Station 9A . 

PETROLOGY : 1 5 6 15 is  a ves icul a r ,  ol ivine-bearing mare basalt 
( Fig . 2 ) . It has a genera lly gabbro ic texture , but some olivines 
form phenocrysts . The plagioclases are stubby to l athy . The 
dominant phase , pyroxene , is almost invariably smal ler than 1 mm ; 
larger areas contain small ol ivine inclusions . Dowty et al . 
( 19 7 3 a , b )  reported a mode of 59%  pyroxene , 2 2 %  plagioclase , 13%  
oliv ine , 4 %  opaques , 0 . 5 % sil ica ( actually cristobal ite ) ,  and 
1 . 5 % miscellaneous . They noted that the later growth stages were 
dominated by variol itic-fasc iculate pyroxene and plagioclase . 
Microprobe analyses of pyroxene , o l ivine , plagioclase,  S i-K 
glass , and Fe-metal were tabul ated in Dowty et al . ( 1 9 7 3 c ) , and 
spinel group and ilmenite analyses were tabulated in Nehru et a l .  
( 19 7 3 ) . Nehru et al . ( 19 7 4 )  included 15615  in their general 
discussion but gave no specific data or discuss ion . The metal 
grains contain 1 . 4  to 2 . 1% Co and 6 . 2  to 8 . 8 % Ni generally , but 
some grains have 2 . 5  to 2 . 7 % Co and 14 to 18%  Ni . Ilmenite 
contains 0 . 0 8 to 2 . 2 % MgO . The mineral compositions ( Fig .  3 )  are 
typical for Apollo 15 ol ivine-normative mare basalts . 

CHEMISTRY : The only bulk ana lys is is the microprobe defocussed
beam analysis of Dowty et a l . ( 1 9 7 3 a , b ) ( Table 1 ) . The analysis 
shows an average or MgO-enriched olivine-normat ive mare basalt . 

PROCESS ING AND SUBDIVI SIONS : A single chip was removed ( Fig.  1 ) , 
and was partly used to make thin sections , 2  and , 3 .  , 0  is now 
1 .  5 0  g .  

Figure 1 .  Post-chip view of 15615 . S - 7 1-56171  

1 0 3 1  
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Fig. 2a 

Fi". 2b 

Figure 2 .  Photomicrographs of 1 5 6 15 , 2 .  Widths about 3 rom . a )  
transmitted l ight ; b )  crossed polariz ers . 

1 0 3 2  
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F igure 3 .  Chemistry of minerals in 15615  ( Dowty et al . ,  1973b) . 
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TABLE 15615-1 . Defocussed beam bulk 
analysis ( Dowty et al . ,  1 9 7 3 a , b ) 

Wt % S i02 
Ti02 
Al203 
FeO 
MgO 
cao 
Na20 
K20 
P205 

ppm Cr 
Mn 

4 3 . 8  
2 . 3 7 

9 . 2  
2 3 . 4  
11 . 3  

9 . 0  
0 . 3 2 
0 . 0 3 
0 . 05 
3 4 2 5  
2 0 15 
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15616  MEDIUM-GRAINED OLIVINE -NORMATIVE ST . 9A 8 . 0 0 g 
MARE BASALT 

INTRODUCTION : 15616  is an ol ivine-bearing mare basalt which is 
very vesicular ( Fig . 1 ) . The ol ivines form microphenocrysts . 
Chemical ly the sample appears to be a maqnes ian member o f  the 
Apo l l o  15 olivine-normative mare basalt qroup . It is tough with 
porphyritic o l ivine macroscopically visible .  It was col l ected as 
part of the rake sample at Station 9A . 

PETROLOGY : 15616  is a medium-grained , ol ivine-bearing mare 
basalt ( Fig . 2 ) . I t  is ves icula r .  Some ol ivines form small 
anhedral phenocrysts ( less than 1 mm) . Some pyroxenes are as 
l arge as 2 mm and twinned , but most are smaller and granular . 
Plagioclases are up to 1 mm long laths , or hollow stubby 
sections . 

CHEMISTRY : A bulk rock analysis is l i sted in Table 1 and the 
rare earths shown in Figure 3 .  The sample i s  an Apol l o  15 
ol ivine-normative mare basalt . On the basis of  Ti02 and MgO it 
would appear to be an Mg-rich member of  the group , but the MgO is 
impreci sely determined . 

PROCESS ING AND SUBDIVIS IONS : Several chips were numbered as , 2 ,  
and a s ingle chip as , 1 .  , 1  was partly consumed in making thin 
sections , 6  and , 1 1 .  In 19 7 7  the largest chip from , 2  was 
numbered , 4  and allocated for chemistry and a third section , , 14 .  
, o  i s  now 6 . 4 0  g .  

Figure 1 .  Pre-chip view of  1 5 6 1 6 .  S - 7 1-4 9 12 0  

1 0 3 4  
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Fig. 2a 

Fig. 2b 

Figure 2 .  Photomicrographs o f  15616 , 1 1 .  Widths about 2 rom . a )  
transmitted l ight ; b)  crossed polariz ers . 
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TABLE 15616-l. &Ilk ro::k chemical analvses 

wt %  

(ppn) 

(wt>) 

Si02 
Ti02 
Al203 
FeO 

MJO 
CaO 
Na20 
K20 
P205 

, 4  

2.0  
8. 7 

21 . 8  
12 

8. 3 
0. 238 
0.043 

Sc 38 
v 248 
Cr 6230 
Mn 2045 
�---sr 
Ni 90 
R> Sr 
y Zr Nb H£ 2 . 4  
Ba 60 
1h 
u 
Pb 
La 
Ce 
Pr 
N:l 
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I¥ 
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Er 
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Yb 
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Li 
Be 
B 
c 
N 
s 
F 
Cl 
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QJ 
Zn 
I 
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Ga 
Ge 
As 
Se 

I>b 
Tc 
Ru 
Rh 
re 

!'!L__ 
Cd 

In 

Sn 

Sb 

Te 

Cs 

5 . 3  

3 . 5  
0.77 

0.7 
3 . 8  

2 . 2 
0.34 
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* ,4 · Ma et a l . ( 1 978); I NAA 

* Gd value calculated. 
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Figure 3 .  Rare earths in 1 5 6 1 6 .  
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15617 MEDIUM-GRAINED OLIVINE -NORMATIVE ST . 9A 3 . 1 0 g 
MARE BASALT 

INTRODUCTION : 15617 is a medium-grained , ol ivine-bearing mare 
basalt which is very ves icular ( Fig . 1 ) . The o l ivine includes 
some microphenocrysts . In chemistry the sample appears to be a 
magnesian member of the Apol lo 1 5  ol ivine-normative mare basalt 
group . It is tough with porphyritic ol ivine macroscopically 
visible .  15617 was collected as part of  the rake sample at 
Station 9A . 

PETROLOGY : 15617 is an o l ivine-bearing , medium-grained , 
vesicular mare basalt ( Fig . 2 ) . Olivines are present as 
microphenocrysts , as smal l  grains or inclus ions in pyroxenes , and 
as small  discrete gra ins . Some larger pyroxenes are twinned and 
zoned . Dowty et al . ( 1973b)  described 15617 as an o l ivine
microgabbro " similar to 1 5 6 1 3 " .  They reported a mode of 56% 
pyroxene ,  24%  plagioclase , 11%  olivine , 6% opaques , no s i l ica , 
and 2 %  miscellaneous . They noted it to have subradiating 
intergrowths of e longated pyroxene and plagioclase crystal s .  
Microprobe analyses of pyroxene ,  ol ivine , plagioclase,  S i-K 
glass , and Fe-metal were tabulated by Dowty et al . ( 19 7 3 c ) , and 
spinel group and i lmenite analyses were tabulated by Nehru et al . 
( 19 7 3 ) . Nehru et al . ( 1974 ) included 1 5 6 17 in their general 
discussion but gave no spec ific data or discussion . The mineral 
chemistry ( Fig . 3 )  is typical of Apollo 15 ol ivine-normative mare 
basalts . 

CHEMISTRY : A bulk rock analysis is listed in Table 1 and the 
rare earths are shown in Figure 4 .  A defocussed beam microprobe 
analys is ( Table 2 )  is cons i stent , and the low Ti02 and high MgO 
suggest that this sample is an Mg-rich member of the Apo l l o  15 
olivine-normative mare basalt group . 

PROCESSING AND SUBDIVIS IONS : A s ingle ch ip , 1  was originally 
removed ( Fig . 1) and partly used to make thin sect ions , 2  and , 6 .  
In 19 77 , , 0  was rechipped to  produce , 3  which was used for 
chemical analys is and to make thin section , 7 .  During this 
operation , , 0  also spl it  into two p i eces ; these two p ieces have a 
total mass of  2 . 2 8 g .  

Figure 1 .  Post-origina l -chipp ing o f  15617 . S-71-562 8 3  

1 0 3 7  
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Fig. 2b 

Figure 2 .  Photomicrographs o f  15617 , 2 .  Widths about 2 mm . a )  
transmitted l ight ; b )  crossed polarizers . 
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TABLE 15617-1. Bulk r=k 
chanica! analyses 

Wt %  

(ppb) 

S>02 
Ti02 
Al203 
FeO MgO 
cao 
Na20 
K20 
P205 

, 3  

2.1 
8.8 

21.8 
12 

8. 5 
0. 256 
0.041 

Sc 36 
v 208 
Cr 4945 �"""--��-2080 
Co 49 . 

Ni 65 
R> Sr y 
Zr 
Nb '"Hf;--����2- 5 
Ea 70 
'lh 
u 
Pb 
la 
Ce 
Pr 
Nd 

5 . 2  

Eln 3.4 
Eu 0. 80 
Qj 
Tb 0.7 
�---� Ib Er Th1 Yb l.u 
Li Be B c 
N s F 
Cl 
Br 

cu 
Zn 

I At Ga Ge 
As Se 1-b Tc Ru Rh 
ru 
hJ 
Cd 
In 
Sn 
Sb 
Te 
Cs 
Ta 
w ---· 
Re 
Os 
lr 
Pt 
1\u 

Hg 
Tl Bi 

2 . 1  
0. 31 

370 

(l) 

TABLE 1 5 6 17-2 . Defocussed beam bulk 
analysis ( Dowty et al . ,  l9 7 3 a , b ) 

wt % 

ppm 

References and methcds: 

( 1 )  Ma et al. (1978) ; INAA 

Notes: 

(a) +25 ppn 
(b) :t':35 ppn 

1 0 4 0 

S i02 4 5 . 7  
Ti02 2 . 0 3 
Al203 8 . 0  
FE!O 2 2 . 6  
MgO l l . 8 
cao 9 . 2  
Na20 0 . 2 8 
K:w 0 . 0 1 
Cr 2 8 7 5  
Mn 19 3 5  
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1 5 6 1 8  MEDIUM-GRAINED OLIVINE-NORMATIVE ST . 9A 0 . 8 0 g 
MARE BASALT ( ? )  

INTRODUCTION: 1 5 6 1 8  is a very vesicular mare basalt fragment 
( Fig . 1 ) , macroscopically very similar to 1 5 6 1 2 , 1 5 6 1 5 , etc . 
Small yellow-green ol ivines are visible . The sample has never 
been al located or subdivided . 

Figure 1 .  sample 1 5 6 18 . S-71-4 9 1 12 

1 0 4 2  
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1 5 6 1 9  MEDIUM-GRAINED OLIVINE-NORMATIVE ST . 9A 0 . 6 0 g 
MARE BASALT ( ? )  

INTRODUCTION : 1 5 6 19 is a very ves icular mare basalt fragment 
( Fig . 1 ) , macroscop ically very s imilar to 1 5 6 1 2 , 1 5 6 1 5 , etc . 
Small yellow-green ol ivines are v i s ible . The sample has never 
been allocated or subdivided . 

Figure 1 .  Sample 15619 . S-7 1-4 9 1 0 8  
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1 5 6 2 0  MEDIUM-GRAINED OLIVINE-NORMATIVE ST . 9A 6 . 6 0 g 
MARE BASALT 

INTRODUCTION : 1562 0 is  a medium-grained , ol ivine-bearing mare 
basalt which is very vesicular ( Fig . 1 ) . The yellow-green 
ol ivines are visible macroscopically but are rarely phenocrysts . 
In chemistry , the sample is a fairly average Apol lo 15  ol ivine
normative mare basalt . It is tough . 156 :2 0  was collected as part 
of the rake sample at Station 9A . 

Figure 1 .  Post-chip view of  15 6 2 0 . S-71-5 6 2 8 1  

1 0 44 
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PETROLOGY : 15 6 2 0  is a medium-grained , ol ivine-bearing , vesicular 
mare basalt ( Fig . 2 ) . The texture i s  gabbroic , with the ol ivines 
forming fairly small ( less than 1 mm) anhedral crystals which 
only rarely are large enough to be considered phenocrystic . The 
pyroxenes , generally no more than 1 mm long , have mosaic 
extinction and the larger ones contain small ol ivine inclus ions . 
Plagioclases are less than 1 mm long and either lathy or hollow,  
stubby cross-sections . Dowty et al . ( 19 7 3 c , b )  reported a mode of 
6 3 %  pyroxene , 2 4 %  plagioclase , 8% olivine , 4 %  opaque minerals ,  
0 . 2 % sil ica ( actually cristobal ite) and 0 . 8 % miscellaneous . 
Microprobe analyses of pyroxene , plagioclase , olivine , s i-k 
glass , and fe-metal were tabulated by Dowty et al . ( 19 7 3 c) , and 
spinel group and ilmenite analyses were tabulated by Nehru et al . 
( 19 7 3 ) . 1 5 6 2 0  was included in the general discuss ion of Nehru et 
al . ( 19 7 4 )  but no specific data or discuss ion were presented . 
The metal grains generally contain 1 . 3  to 1 . 8 % Co and 4 . 9  to 6 . 8 % 
N i ,  but grains contain up to 4 . 2 % Co and 2 8 %  Ni . The ilmenite 
contains 0 . 11 to 1 . 0 3 %  MgO . The mineral chemistry ( Fig . 3 )  is 
typical of the Apollo 15  ol ivine-normative mare basalts . 

Figure 2 .  

Fig.  2a Fig.  2b 

Photomicrographs of 1 5 62 0 , 3 .  Widths about 3 mm . 
transmitted l ight ; b )  crossed polarizers . 

1 0 4 5  

a)  



1 5 620 

Figure 3 .  

;: 
N 
. 
c 0 � 

0 "''  
;: 
N 

'·' 

' ' 
100 90 

' ....... . 
oOO 

0.6 O.t Fe/Ft+M; 

90 

;.' 
: . 

80 

80 

/r--�-�-�--�Hd 

• • 
• • • • • • 

'· :. 'I • 

Pyroxene composition (mole%) 

. � ... "' - . . .  3o 70 60 •o 4
1
0 

Forsterite content of oli�ine (mole%) 

' ' 
70 60 •o 40 30 

Anorthite content of plag•oclose (mole%) 

"' 

Spinel group minerals 

"' -' 
20 oO 0 

20 oo 0 

... . . ..  • z • .. Ci 0 6  
. 

� u 0.4 

0 ' 

0 4  0 6  0.1 Fe/Fe + MQ 

�· 

Chemistry of  minerals in 1562 0 ( Dowty et al . ,  1973b) . 

1 0 4 6  



1 56 2 0  

CHEMISTRY : A bulk rock analys is is l isted i n  Table 1 and the 
rare earths shown in Figure 4 .  A defocussed beam microprobe 
analys is ( Table 2 )  is generally consistent . The analyses show 
that 1 5 6 2 0  is an average to sl ightly Mg-enriched Apollo 15 
ol ivine-normative mare basalt . 

PROCESSING AND SUBDIVISIONS : 1 5 6 2 0  was chipped up ( Fig . 1 ) , with 
, 1  being potted and partly used to make thin sections , 3 ;  , 1 0 ;  
and , 11 .  In 1 9 7 5  the two chips constituting , o  were numbered 
separately as , 14 and , 15 and smal l  chips were taken from , 2  for 
chemical analysis . , 14 and , 15 have masses of 3 . 2 3 g and 1 . 5 6 g 
respectively . 
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TAHLE l562Cr-l . i3<.Jlk .t<..xik 
chanica! analysis 

Wt% 

\ppn) 

81.02 
Ti02 
Al203 
FeO 
M:f? 
cao 
Na20 
K20 
P205 
Sc 
v 
cr 
..., Cb Ni Rb Sr 
y 
Zr Nb 
!If 
Ba 
'Ih 

u 

Eb 

La 
Ce 
Pr 
w 
an Ell Gd 'lb 

Yb 
I.u 
Li 
Be 
B 
c 
N 
s 
F 
C1 
Br 
Cu 
Zn 

(JPb) I 
At 
Ga 
Ge 
As 
Se 
Mo 
Tc 
Ru 
Rh 
ru 
1'!il_ Cd In Sn Sb Te Cs Ta w Fe Ce Ic Pl 
ffi llg 
Tl 
Bi 

, 9 

2 . 3  
e.e 

23 . 5  
11.1 

8.9 
0. 259 
0. 044 

41 
225 

4420 
2000 

48 
95 

2 . 7  
54(a) 

5 . 4  

3 . 4  
0.88 

0. 69 
4. 4 

2 . 1  
0 . 36 

440 

1 

TABLE 1 5 6 2 0 - 2 . Defocussed beam bulk 
analysis ( Dowty et al . ,  1 9 7 3 a , b )  

Wt% S i02 
TiO�: 
Al203 
FeO 
MgO 
CaO 
Na20 
K20 
P20�i 

ppm Cr 
Mn 

4 4 . 9  
2 . 6 3 

9 . 7  
2 1 . 9  
1 0 . 9  

9 . 6  
0 . 3 6  
0 . 0 4 
0 . 1 3 
2 7 4 0  
2 17 0  

References and methcrls: 

(1 )  Ma �· (1976) ; INAA 

N::1tes: 

(a) :<::15 ppn 
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1 5 6 2 1 MEDIUM-GRAINED OLIVINE-NORMATIVE ST . 9A 1 .  6 0  g 
MARE BASALT 

INTRODUCTION : 1562 1 is  a medium-grained , ol ivine-bearing mare 
basalt which is very vesicular ( Fig . 1 ) . The yel low-green 
ol ivines are visible macroscopical ly and some form phenocrysts . 
156 2 1  is  tough and was collected as part of the rake sample at 
station 9A.  

Figure 1 .  Post-chip vielW of 1562 1 .  S - 7 1-5 6 2 9 3  

1 0 4 9  



1 5 6 2 1  

PETROLOGY : 1 5 6 2 1  is a medium-grained , very vesicular , ol ivine
bearing mare basalt ( Fig.  2 ) . Some of the ol ivines form pheno
crysts , generally less than 1 mm across and anhedral .  The 
plagioclases are irregular laths up to 1 :mm long , and hollow .  
Steele et al . ( 19 8 0 )  reported ion-microprobe analyses of 
plagioclase for Li ( 2 1  ppm) , Mg ( 2 9 7 0  ppm) , K ( 4 9 0  ppm) , Ti  ( 6 3 5  
ppm) , Sr ( 3 5 0  ppm) , and Ba ( 3 0  ppm) , for plagioclase o f  1 4 . 3  mol% 
Ab . The Mg in plagioclase is high as in other mare basalt types . 

PROCESS ING AND SUBDIVISIONS : Several chips were taken from , 0 , 
and only the largest , , 1  was numbered separately ( Fi g .  1 ) . It 
was partly used to make thin sections , 1  and , 6 .  , o  consi sts of 
one larger chip and several small chips total l ing 1 . 3 0  g .  

Figure 2 .  

Fig.  2a Fig. 2b 

Photomicrographs of 1 5 62 1 , 6 .  Widths about 3 mm . 
transmitted l ight ; b )  crossed polarizers . 

1 0 5 0  

a )  
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1 5 6 2 2  MEDIUM-GRAINED OLIVINE-NORMATIVE ST . 9A 2 9 . 5  g 
MARE BASALT 

INTRODUCTION : 15622  is a highly ves icular basalt with red-brown 
pyroxene and porphyritic olivine ( Fig . 1 ) . It appears to be a 
magnesian member of the ol ivine-normative mare basalt group . It 
was collected as part of the rake sample at Station 9A . 

F igure 1 .  Post chip view of 15622 . s -7 1-5 6 2 7 8  

1 0 5 1  
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CHEMISTRY : Chemical analyses are l isted in Table 1 and the rare
earths shown in Figure 2 .  Chappell and Green ( 19 7 3 )  found it to 
be one of the most magnes ian members of the ol ivine-normative 
mare basalt suite , but did not have the evidence to decide 
whether it was a primitive magma composition or a cumulate . They 
suggested it was the same rock as 1 5 6 3 6 ,  but that rock is  much 
less ves icular and has a coarser grain s i z e . The partial 
analys is  of  Fruchter et al . ( 19 7 3 ) contains higher T i02 , and has 
anomalously low Al203 • 
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La Ce Pr 

Rare Earth Element 

* ,3 · Fruchter et a l . ( 1 973);  ! NAA 
* Gd value calculated. 
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Figure 2 .  Rare earths in 156 2 2 , 3. 
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,-
TABLE 15622-l. B..llk rock chettical analyses 

, 3 , 5  , 5 , _  Wl -% Si02 43.98 
'f'ifJ2 2.94 2 . 29 
/,j_2fJJ 7 . 84 8.46 
FeO 21.8 22.73 
� 11.64 
cao 9. 19 
Na20 0.257 0. 29 
K20 o. os 
P205 0.08 

(ppn) Sc 40 
v 
<X 6060 5550 
Mn 2400 
Co 56 
Ni 
� 0.89 
Sr 93.8 
y 
Zr 
Nb 
Hf 2.6 
Ba 

Th 

u 

A:> 

Ia 5 . 5  
Ce 
Pr 
Nl 
&1\ 3 . 8  
Ell 0.92 Qj 'lb 0.7 

References arrl methcds : 
Dj 
lb (1)  Fruchter et al. ( 1973) ; INAA .��- Er 

'lln 
(2) Cl'lappell ard Green ( 1973 ) ;  XRF 

Yb 2.4  ( 3) Chtlpston et a1. (1972 ) ;  ID/MS 
lJ.l 0. 38 
Li Be 
B 
c 
N 
s 500 
F 
C1 
Br 
Cll 
Zn 

TW5J I 
At Ga Ge 
As Se 
fu Tc 
R>J 
Fh 
ru 
Pg 
Cd 
In 
Sn 
Sb 
Te 
Cs 
Ta 430 w 
Re Cs Ir pt Au 
Hg Tl Bi 

(1) (2) ---ur-
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RADIOGENIC ISOTOPES : Compston et al . ( 19 7 2 ) reported Rb and S r  
isotopic data for a whol e-rock sample . The 87Rbj86Sr ( 0 .  0 2 7  4 )  
and B7sr;sesr ( 0 .  7 0 07 4 ± 1 5 )  extrapolate back to an initial 
87Srj86Sr of  0 .  6 9 9 4 5  at 3 .  3 b .  y .  , indisting·uishable from other 
Apollo 15 mare basalts . 

PROCESSING AND SUBDIVISIONS : Several sma ll pieces were chipped 
from , o  ( now 2 7 . 0  g ) , and were partly used in varied allocations 
( Fig . 1 ) . 

1 0 5 4 



1 5 6 2 3  MEDIUM-GRAINED OLIVINE-NORMATIVE 
MARE BASALT 

ST . 9A 

1 5 6 2 3  

3 . 0 0 g 

INTRODUCTION : 1 5 6 2 3  i s  a medium-grained , ol ivine-bearing mare 
basalt which is very vesicular ( Fig . 1 ) . Small yellow-green 
olivines are visible but are not phenocrysts . In chemistry , 
1 5 6 2 3  is a fairly magnesian member of the Apollo 15 olivine
normative mare basalt group . It i s  tough and was collected as 
part of the rake sample from Station 9A . 

Figure 1 .  Pre-chip view of 156 2 3 . S - 7 1- 4 9 3 1 3  
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1 5 6 2 3  

PETROLOGY : 15623  i s  a medium-grained , ol ivine-bearing mare 
basalt ( Fig . 2 ) . Most of the olivines are small ( less than 1 rom 
across )  and not phenocrysts , and many occur as inclusions or 
cores in pyroxenes . Most pyroxenes and plagioclases are also 
less than 1 rom . The pyroxenes are mosaic-z oned . Dowty et al . 
( 19 7 3 b )  described 1 5 6 2 3  as an olivine microgabbro . They reported 
a �ode of 61% pyroxene , 2 4 %  plagioclase , 9 %  olivine , 6% opaques ,  
and no miscel laneous or sil ica phases . They noted the presence 
of many small chromites , but ulvospinel and ilmenite are actually 
the dominant opaque phases . Dowty et al . ( 1 9 7 3 a )  modified the 
mode sl ightly to 6 3 %  pyroxene , 2 6 %  plagioclase , 7%  olivine , and 
4 %  opaques . Dowty et al . ( 19 7 3 c )  tabulated microprobe analyses 
of pyroxene , ol ivine , plagioclase , S i-K glass , and Fe-metal , and 
Nehru et al . ( 19 7 3 )  tabulated spinel group and ilmenite analyses . 
Nehru et al . ( 19 7 4 ) noted that the boundary between chromite 
cores and ulvospinel mantles is sharp . The metal contains 1 . 2  to 
1 . 8 % Co and 8 . 0  to 9 . 4 % Ni in general , though some have Ni 
contents as low as 2 . 1  to 4 . 7 % .  The ilmenite contains 0 . 3 8 to 
1 . 65% MgO . The mineral chemistry ( Fig . 3 )  is typical of Apollo 
15 ol ivine-normative mare basalts . 

Figure 2 .  

Fig. 2a Fig. 2b 

Photomicrographs of 156 2 3 , 3 .  Width about 3 rom . 
transmitted l ight ; b)  crossed polari z ers . 

1 0 5 6  

a )  
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TABLE 15623-1. Bull< roc!< 
chani.cal analysis 

, 4  
Wt% Si02 

Ti02 2 . 0  
Al203 8. 6 
FeO 23. 2  
��--..E._ 
eao 9 . 2  
Na20 0.241 
K2J 0 . 043 
P205 

(ppn) Sc 38 v 217 
Cr 5850 
ron 2060 Co 54 Ni 45(a) 
Rb 
Sr 
y 
Zr Nb Hf 2 . 6  Ba 55(b) 
'lh 
u 
R:> 
la 5 . 2  
ce Pr N:l an 3 . 5  
ElJ o.85 Gd 'lb 0.8 
Dy 4.2  
lb 
Er 
'lln 
Yb 2 . 2  
lll 0. 35 
Li 
Be 
B 
c 
N 
s 
F 
C1 
Br 
cu 
Zn 

(ppb) I 
At 
Ga 
Ge 
� 
Se 

Mo 

Tc 
Ru 

Rh 

re 

� 
Cd 
In 
Sn 
Sb 
Te 
Cs 

Ta 530 
w 
Fe 
Os 
Ir 
pt 
hJ 
H3 
T1 
Bi 

1 

References and. metho:is: 

( l )  M> et al .  ( 1978) ; INAA 

N:Jtes: 

(a) +25 ppn 
(b) :!':35 ppn 
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CHEMISTRY : A bulk rock analys is i s  l i sted in Table l and the 
rare earths shown in Figure 4 .  This analys is shows 1 5 6 2 3  to be a 
low-Ti02 , high-MgO member of the Apollo 15 ol ivine-normative mare 
basalt group , although MgO is imprecisely determined . A 
defocussed beam microprobe analysis ( Table 2 )  has even lower 
Ti02 , probably subj ect to a large sampl ing error , but MgO closer 
to the average for this basalt group . 

PROCESSING AND SUBDIVIS IONS : Original chipp ing produced several 
small chips , most label led , 1 .  The largest , , 2 ,  was potted and 
produced thin sections , 3  and , 9 .  In 1977 , more chipping 
produced , 4  which was used for chemical analysis and to make thin 
sect ion , 8 .  , 0  i s  now 2 . 0 5 g .  

m 
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* , 4 - Ma et a l .  ( 1 978) ;  I NAA 

* Gd value calculated . 
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LEGEND SPEC IFIC fH--4 . 4 

F imtre 4 .  Rare earths in 1 5 6 2 3 , 
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TABLE 1562 3 - 2 . Defocussed beam bulk 
analysis ( Dowty et al . ,  1 9 7 3 a , b )  

Wt% 

ppm 

S i02 
Ti02 
Al203 
FeO 
MgO 
cao 
Na20 
K20 
P205 
Cr 
Mn 

1 0 6 0  

4 5 . 1  
l .  4 6  

8 . 6  
2 3 . 1  
1 1 . 4  

9 . 5  
0 . 3 0 
0 . 0 2 
0 . 1 7 
4 110  
1705  
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1 5 6 2 4  MEDIUM-GRAINED OLIVINE-NORMATIVE ST . 9A 0 .  2 0  g 
MARE BASALT 

INTRODUCTION : 15624  is a medium-grained , ol ivine-bearing mare 
basalt which is vesicular ( Fig . 1 ) . I t  i s  tough and was 
collected as part of the rake sample at Station 9A . 

PETROLOGY : 1562 4 i s  an olivine microgabbro ( Fig . 2 ) . Z oned 
pyroxenes and hollow ,  l athy plagioclases less than 1 mm long form 
the bulk of the sample . Small olivines ( l ess than 1/ 2 mm) form a 
few per cent of the sample . Some portions are extremely mafic , 
suggesting mafic accumulation . 

PROCESS ING AND SUBDIVIS IONS : 15624  has been entirely consumed in 
making thin sections , 0  and , 6 , except for two tiny potted butts 
which remain . 

Figure 1 .  Pre-chip view of 1562 4 . S-71-4 9 3 2 5  

1 0 6 1  
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Fig. 2 a  Fig. 2 b  

Figure 2 .  Photomicrographs of 1 5 6 2 4 , 6 . Widths about 3 mm . a )  
transmitted l ight ; b )  crossed polarizers . 

1 0 6 2  
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1 5 6 2 5  MEDIUM-GRAINED OLIVINE-NORMATIVE ST . 9A 0 . 5 0 g 
MARE BASALT C ? l_ 

INTRODUCTION : 1 5 6 2 5  is a ves icular , olivine-bearing sample 
macroscopically s imilar to 1 5 6 0 6 ,  1 5 6 12 , etc . It has never been 
subdivided or allocated . 

Figure 1 .  Sample 1 5 62 5 .  S - 7 1 -4 9 3 17 

1 0 6 3  
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1 5 6 2 6  MEDIUM-GRAINED OLIVINE-NORMATIVE ST . 9A 0 . 6 0 g 
MARE BASALT ( ? )  

INTRODUCTION : 1 5 6 2 6  i s  a ves icular , olivine-bearing sample 
macroscopically s imilar to 1 5 6 0 6 , 1 5 6 12 , etc . It has never been 
subdivided or allocated . 

Figure 1 .  Sample 1562 6 .  S-7 1-49 3 0 9 

1 0 6 4  
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1 5 6 2 7  MEDIUM-GRAINED OLIVINE-NORMATIVE S T .  9A 0 .  40 g 
MARE BASALT ( ? }_  

INTRODUCTION : 1 5 6 2 7  is a vesicular , ol ivine-bearing sample 
macroscopically s imilar to 156 0 6 ,  15612 , etc . It has never been 
subdivided or allocated . 

Figure 1 .  Sample 1 5 6 2 7 . S-71-4 9 2 7 3  

1 0 6 5  
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1 5 6 2 8  MEDIUM-GRAINED OLIVINE-NORMATIVE ST . 9A 0 . 4 0 g 
MARE BASALT ( ? )  

INTRODUCTION : 15 6 2 8  i s  a ves icul ar , ol ivine-bearing sample 
macroscopical ly s imilar to 156 0 6 ,  1 5 6 1 2 , etc . It has never been 
subdivided or allocated . 

Figure 1 .  Sample 1 5 6 2 5 . S - 7 1-4 9 2 8 0  

1 0 6 6  



1 5 6 2 9  MEDIUM-GRAINED OLIVINE-NORMATIVE 
MARE BASALT ( ? )_  

ST . 9A 

1 5 6 2 9  

0 .  4 0  g 

INTRODUCTION : 1 5 6 2 9  i s  a vesicular , ol ivine-bearing sample 
macroscop ically s imilar to 1 5 6 0 6 ,  1 5 6 12 , etc . It has never been 
subdivided or allocated . 

Figure 1 .  Sample 1 5 6 2 9 . S-7 1- 4 9 2 7 7  

1 0 6 7  
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1 5 6 3 0  MEDIUM-GRAINED OLIVINE-NORMATIVE ST . 9A 2 3 . 2  g 
MARE BASALT 

INTRODUCTION :  156 3 0 i s  a medium-grained , ol ivine-bearing mare 
basalt which i s  very vesicular ( Fig . 1 ) . The ol ivines do not 
form consp icuous phenocrysts . In chemistry , it is an average 
olivine-normative mare basalt . It is tough , angular,  and lacks 
zap p its . 1563 0 was col l ected as part of  the rake sample at 
Station 9A.  

PETROLOGY : 15 63 0 is an ol ivine microgabbro similar to 1 5 6 0 6 , 
1 5 6 1 2 , etc . ( F ig . 2 ) . The ol ivine is not consp icuously 
phenocrystic . 

CHEMISTRY : A bulk rock chemical analys is is l isted in Table 1 
and the rare earths shown in Figure 3 .  Apart from the low Ti02 , 
the sample is a fairly average Apollo 15  ol ivine-normative mare 
basalt . 

PHYSICAL PROPERTIES : Gose et al . ( 19 7 2 ) and Pearce et al . ( 1 9 7 3 )  
reported a natural magnetic intens ity ( NRM) of 3 . 3  x l0-6 emujg 
for the bulk sample . This value is typical for Apol lo 15 mare 
basalts . 

PROCESS ING AND SUBDIVIS IONS : In 1977 , chipping produced two 
chip s ,  one of which remains with , o .  The other ( , 1 ) was used for 
chemical analysis and also produced the thin section , 4 .  , o  is 
now 2 2 . 4 6 g .  

Figure 1 .  Macroscopic , pre-split view of 1 5 6 3 0 .  S-7 1-4 9 2 69 

1 0 6 8  
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F i g .  2 a  

Fig .  2 b  

Figure 2 .  Photomicrographs of 1 5 6 3 0 , 4 .  Widths about 3 mm . a)  
transmitted l ight ; b)  crossed polariz ers . 
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Tl\BLE 15630-1. Bulk rock 
chemical analysis 

Wt % 

(ppn) 

' 1  
s�o2 
Ti02 2.0 
Al203 8.9 
FeO 20.8 
M;JO 11 
cao B.8 
Na20 0. 252 
1<20 0.044 
P205 
Sc 39 
v 225 
cr 5355 
M1 2000 
Co 53 
Ni 70(a) 
I<b 
Sr 
y 
zr 
Nb 
Hf 2 . 4  
Ba 80(b) 
'lh 
u 
Fb 
La 
Ce 
Pr 

5 .4  

N:l 
�--3:5 
Eu 0.79 Qi 'lb o. 7 
Dy 4. 3 
lb 
Er 
'lln 
Yb 
lll 
Li 
Be 
B 
c 
N 
s 
F 
Cl 
Br 
OJ 

2 -1  
0 . 27 

Zn 
(ppb) I ,--,..,--Tc.__-----

At 
Ga 
Ge 
As 
Se 
l<b 
1c 
�-----

Rh 
ru 
l>"J 
Ql 
In 
Sn 
Sb 
Te 
cs 
Ta 470 
w �-----
Os 
lr 
Pt 
l\u 
Hg 
Tl 
Bi 

I 
I 10� 
I ' 

La Ce Pr Nd 

* , 1 . Ma et al . ( 1 978); INAA 

* Gd value calculated. 

Rare Earth Element 

LEGENQ: SPECIFIC � . 1  

Figure 3 .  Rare earths in  15 6 3 0 .  

References arrl methcds : 
( 1 )  � et al- (1978) ; INAA 

N:Jt.es: 

(a) +30 ppn 
(b) :!:55 = 

1 0 7 0  
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1 5 6 3 2  MEDIUM-GRAINED OLIVINE-NORMATIVE ST . 9A 2 . 3 0 g 
MARE BASALT 

INTRODUCTION : 1 5 6 3 2  is a medium-grained , ol ivine-bearing mare 
basalt which is vuggy but not ves icular ( Fig . 1 ) . Ol ivines do 
not form phenocrysts . It is tough . 1 5 6 3 2  was collected as part 
of the rake sample at station 9A . 

PETROLOGY : 15 6 3 2  is medium-grained and similar to other medium
grained Apollo 1 5  ol ivine-normative mare basalts ( Fig . 2 ) . The 
dominant phase is pigeonite ( 1  to 2 mm) which is frequently 
twinned and zoned to augite . The plagioclase is ophitic , 
enclosing small olivines and pyroxenes . A few ol ivines are as 
large as 1 mm and anhedral but can scarcely be considered 
phenocrysts . 

PROCESSING AND SUBDIVISIONS : Chipping produced , 1  ( Fig . 1 )  which 
was almost entirely used in producing thin sections , 1  and , 6 .  
, o  is now 2 . 05 g .  

Figure 1 .  Post chip view of  1 5 6 3 2 . S-7 1-5 6 3 08 

1 0 7 1  



1 5 6 3 2  

Fig. 2a  

Fig. 2b  

Figure 2 .  Photomicrograph of 1 5 6 3 2 , 6 .  Widths about 3 mm . a )  
transmitted l ight ; b )  crossed polarizers . 

1 0 7 2  
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1 5 6 3 3  COARSE-GRAINED OLIVINE-NORMATIVE ST . 9A 7 . 4 0 g 
MARE BASALT 

INTRODUCTION : 1563 3 is a coarse-gra ined , ol ivine-bearing mare 
basalt which is vuggy but not ves icular ( Fig . 1 ) . The ol ivines 
do not form phenocrysts . In chemistry , the sample is a member of 
the Apollo 15 ol ivine-normative group . It has a crystallization 
age of  3 . 2 6 ± 0 . 05 b . y .  ( Husain , 1 9 7 4 ) . 1 5 6 3 3  i s  tough and has 
no zap pits , although there is some welded dust on the surface . 
It  was collected as part of the rake sample at station 9A . 

Figure 1 .  Pre-chip view of 156 3 3 . S-71-4 9 2 9 4  

1 0 7 3  
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PETROLOGY : 1 5 6 3 3  is a coarse-gra ined basalt with pigeonites up 
to 2 rom long and commonly twinned , z oned , and containing ol ivine 
inclusions ( Fig . 2 ) . Plagioclases are ophitic , enclosing small 
pyroxenes and o l ivines , and are up to about 1 . 5  rom . Most 
olivines are small and anhedral , but a few are about 1 rom with 
sil icate l i quid inclus ions . Dowty et al . ( 19 7 3 b )  noted such 
large ol ivines as amoedo id and z oned . Dowty et al . ( 19 7 3 a , b )  
reported a mode o f  5 2 %  pyroxene , 2 1 % plagioclase , 1 8 %  ol ivines , 
6%  opaque mineral s ,  1% silica ( actually cristobalite) , and 2 %  
miscellaneous . Dowty et al . ( 1 9 7 3 c )  tabulated microprobe 
analyses of pyroxene , olivine , plagioclase , s i -K glass , and Fe
metal , and Nehru et al . ( 1 9 7 3 )  tabulated spinel group and 
ilmenite analyses . Nehru et al . ( 1 9 7 4 )  noted that there was a 
sharp break from chromite cores to ulvospinel mantles . The Fe
metal contains 1 . 5  to 1 . 6 % co and 5 . 6  to 7 . 1% Ni , and the 
ilmenite contains 0 . 5 2 to 4 . 6 % MgO . The :mineral chemistry ( Fi g .  
3 )  is  typ ical for Apollo 1 5  ol ivine-normative mare basalts . 

Fig. 2a 
Fig. 2b 

F igure 2 .  Photomicrographs of 15 6 3 3 , 15 .  Widths about 3 rom .  a )  
transmitted light ; b )  crossed polariz ers . 

1 0 7 4  
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Figure 3 .  Chemistry of minerals in 1 5 6 3 3 ( Dowty et al . ,  1 9 7 3 b ) . 
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CHEMI STRY : The bul k  rock a n a l y s e s  ( Table 1 ,  Fig . 4 )  and the 
defocussed beam microprobe analys i s  ( Table 2 )  all  show 1 5 6 3 3  to  
be  an Apollo 15 oliv ine-normat ive mare basalt , but there are 
cons iderable differences among them . These di fferences are 
probably a result of the coarse gra in s i z e  of the sample . The 
analysis of Helmke et c� . ( 1 9 7 3 )  i s  particularly high in Ti02 and 
FeO and low in Al203 • on ave rage , the sample appears to be 
fairly magnes ian . The Ca analysis  o f  Husain ( 1 9 7 4 ) is probably 
spuriously high . 

1 07 5  
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RADIOGENI C ISOTOPES AND GEOCHRONOLOGY :  I n  an Ar-Ar study , Husain 
( 19 7 4 ) found that 2 0 . 3 % o f  the 40Ar·*Ead been l ost , giving a low 

K-Ar age o f  2 . 9 5 ± 0 . 0 8 b . y .  The p l ateau age ( from the 9 5 0°C to 
1 2 5 0°C rel eases ) of 3 . 2 6 ± 0 . 0 5 b . y . is  with in error o f  the age 
of other Apo l l o  1 5  mare basa l t s . 

RARE GASES AND EXPOSURE : Hu s a i n  ( 1 9 7 4 )  tabulated Ar i s otop ic 
temperature release data for 1 5 6 3 3 . He reported a 38Ar-ca 
exposure age of 6 6  ± 4 m . y .  

PROCESS ING AND SUBDIVIS IONS : Chipping produced , 1  ( s ingle c h i p ) ; 
, 2  ( two chips ) ; and , 3 ;  , 4 ;  a nd , 5  ( several sma l l  chips and 
f ines ) . , 1  was partly used to produce th in sections , 1 5 and , 1 6 .  
, 0  i s  now 4 . 6 0  g .  

1000� I 

!00-

, 5  - Helmke et a l _  ( 1 973 ) ;  I NAA, AAS , RNAA * , 7 - Ma et a l _ ( 1 976); J NAA 

* Gd va lue calculated. 

La Ce Pr Nd 

Rare Earth Element 

i fGFNO· SP'C IF!C �H . 5 H--t . 7 

F igure 4 .  Rare earths i n  15 6 3 3. 
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TAIJLI::, l �bJ.j-1 . Bu�K rock Chemical analyses 

, 7  , 5  , 3  Wi_-% · Si02 44. 1  
Ti02 2 . 2  3.04 
Al 203 8 . 8  7. 20 
FeO 23.0 25. 0  
�0 11. 1  10.7 
CaO 9. 3 9.09 13.6 
Na20 0. 247 0. 305 
K20 0. 033 0. 056 0. 034 
P205 

(wn) Sc 41 47.0 
v 225 
Cr 4080 3930 
Mn 2085 2330 
Co 50 56 TABLE 1 5 6 3 3 -2 . Defocussed beam bul k  Ni 101 rock analys is ( Dowty et al . , l97 3a , b ) Rb o . s  
Sr y Wt% S i02 4 6 . 4  Zr 

Ti02 1 .  2 8  Nb Hf 2 . 3  2 . 5  Al203 8 . 5  &! 45 
Feo 2 2 . 2  TI1 

u MgO 12 . 7  Pb 
cao 8 . 6  La 4 . 3  4.93 

Ce 13. 4 Na20 0 . 2 7 Pr 
K20 0 . 0 2 &I 10.8 

Sn 2 . 9  3 . 54 P2 05 0 . 0 5 fu 0.74 0.88 
G:l 4 . 6  ppm Cr 2 5 3 5  
'lb 0.60 0.81 Mn 2 17 0  Dy 4 . 2  5 . 7  
Ho 1.04 
Er 3 . 0  � Yb 1 . 8  2 . 26 
ll1 0.36 0 . 328 
Li 

Be 

B 

c 

N 
s 
F 
C1 
Br 
Cu 
Zn <3 

TWST . I 
At 
Ga 2900 
Ge 
As 
Se 
M:J 
Tc 
l1u 
Rh 
ru 
1>'3 
OJ 
In 
Sn 
Sb 
Te 
Cs 17 
Ta 380 
w 
Re 
Os 

References and methcxis: Ir 
pt ( 1 )  fu et al . ( 1976 ) ;  INM hl ( 2 )  Heliiil<e'et al . ( 1973 ) ;  INM, liAS, RNM llg 

( 3 )  Husain (1974) ; Ar isotopes, irradiation T1 ,.----, 
Bi 

( 1 )  ( 2 )  (3 ) N:Jtes: 

(a)  :':19 wn 

1 0 7 7  
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15 634  COARSE-GRAINED OLIVINE-NORMATIVE ST.  9A 5 . 2 0 g 
MARE BASALT 

INTRODUCTION : 1 5 6 3 4  is a coarse-grained , ol ivine-bearing mare 
basalt which contains some vugs but is not ves icular ( Fig . 1 ) . 
The yel low-green olivines are conspicuous macroscopically . I n  
chemistry , the sample is a member ( perhaps Mg-rich) o f  the 
Apollo 1 5  olivine-normative mare basalt group . It i s  tough and 
has no zap pits . 1563 4 was col lected as part of the rake sample 
at station 9A. 

PETROLOGY : 15634  i s  a coarse-gra ined , ol ivine-bearing mare 
basalt , · similar to the other coarse-graim:.d members of the group 
( Fig . 2 ) . 

CHEMISTRY : A bulk rock chemical analysis i s  l isted in Table 1 
and the rare earths shown in Figure 3 .  The maj or element 
chemistry shows the sample to be an Apollo 15 olivine-normative 
mare basalt , and the low Ti02 and ( imprecisely-determined ) MgO 
suggest it is an Mg-rich member . The rare earths are 2 to 3 
times lower than other members of the group , and on the basis of 
low values of La/Sm and Sm/Eu , Ma et al . ( 19 7 8 )  suggested it was 
from a flow different from the others . 

PHYSICAL PROPERTIES : Gose et al . ( 19 7 2 )  and Pearce et al . ( 19 7 3 )  
reported a natural magnetic intens ity ( NRM) of 4 . 1  x l0-6 emujg 
for the entire rock ( erroneously listed as 15664 in Pearce et 
al . ,  197 3 ) . This value i s  typ ical for Apollo 15 mare basalt s .  

PROCESSING AND SUBDIVISIONS : In 19 7 7 , chipping produced , 1  ( 3  
chips) which was used for chemical analys is and t o  make thin 
section , 4 .  , o  is now 5 . 2 0 g .  

Figure 1 .  Pre-split view of 15634 . S-7 1-4 9 2 87 
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Fig. 2a 

Fig. 2b 

Figure 2 .  Photomicrographs of 1 5 6 3 4 , 4 .  Widths about 3 mm . a )  
transmitted l ight � b )  crossed polari zers . 

1 07 9  
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TABLE 15634-l. Bulk rock dlemica.l ana.l ysis 

Wt %  5102 
Ti02 
Al�3 
FeO 

M;p 
cao 
Na� 
K20 
P�5 

(fF11) ___ 
Sc 
v 
Cr 
Mn 

Co 
Ni 

R:l 
Sr 
y 
Zr Nb Hf Ba 'Ih u 
lb La Ce 
Pr N:l 
an ElJ Cd 'Ib 
Dy 
lb 
Er 
'!In 
Yb 
lu 
Li 

Be 
B 
c 
N 
s 
F 
C1 
Br 
OJ 
Zn 

(PPbJ I 
At 
Ga 

Ge 
As 

1 . 5  
9 . 8  

19. 9 
13 

9 . 1  
0. 269 
0. 020 

38 
223 

4365 
1155 

55 
100(a) 

1 . 1  
20(b) 

2 . 4  

1 . 8  
0 . 58 

0.4 
2 . 6  

1 . 2  
0. 15 

1000� 
I 
I 
\ I 

108� I 

La Ce Pr Nd 

* • 1 · Ma et a l .  ( 1 978) ;  ! NAA 

* Gd valull calculated. 

Rare Earth Element 

LEGEND SPECIFIC 

Se 
M:> 

Figure 3 .  Rare earths in 1 5 6 3 4 ,  
Tc 
Ru 
Rh 
Rl 

lv:; 
Cd 
In 

Sn 
Sb 
Te 
Cs 
Ta 
w 

Re 
as 
Ir 

r• 
hl !lg 
Tl 
Bi 

150 

References and methcd.s : 

( l )  Ma et a_lc. ( 1978) ; INAA 

Notes: 

(a) +50 ppn 
1 )  (l:: ) ::£20 ppn 

1 0 80 
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1 5 6 3 5  MEDIUM-GRAINED OLIVINE-NORMATIVE ST . 9A 0 . 5 0 g 
MARE BASALT ( ? ). 

INTRODUCTION : 15 6 3 5  is a small fragment of a medium-grained mare 
basalt with yellow-green ol ivines ( Fig . 1 )  and small vugs . The 
grain size is 1 to 2 mm and the sample is macroscopically very 
s imilar to other coarse-to medium-grained Apollo 15  olivine
normative mare basalts . 15635  was collected as part of the rake 
sample at Station 9A . It: has never been subdivided or al located . 

Figure 1 .  Macroscopic view of 1 5 63 5 .  S-71-49 2 8 3  

1 0 8 1  
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1 5 6 3 6  COARSE-GRAINED OLIVINE-NORMATIVE ST . 9A 3 3 6 . 7  g 
MARE BASALT 

INTRODUCTION : 15 6 3 6  is a coarse-gra ined ol ivine-bearing mare 
basalt ( Fig . 1 ) . The ol ivines do not form phenocrysts but are 
visible as yell ow-green crystals macroscopically . The sample is 
a magnesian member of  the Apo l l o  1 5  ol ivine-normative mare basalt 
group . The sample has several fresh surfaces but one end i s  
rounded . It was col lected a s  part of  the rake sample at Station 
9A. 

Figure 1 .  Pre-split view of 1563 6 .  S-7 1-52 0 2 3  

1 0 8 2  
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PETROLOGY : 1563 6 consists of  anhedra l , embayed ol ivines , and 
large pyroxenes and plag ioclases ( Fi g .  2 ) . The pyroxenes are 
anhedral p igeonites , z oned to augite , and are twinned ; they are 
generally about 1 mm across but rarely reach 3 mm . The rims are 
browner than the interiors and are inclusion-rich . The plagio
clases are anhedral and 1 or 2 mm across . The l arger o l ivines 
are scattered , embayed , and about 1 mm or less across ; some 
smaller ( less than 2 0 0  microns ) o l ivines are euhedral and 
embedded in the plagioclases . S ome of  the phenocrysts embedded 
in plagioclase have sharp crystal faces ( e . g . , Fig . 2 ) . Several 
ol ivine crystals  conta i n  s i l icate l iquid inclus ions . Residual 
phases include cristobal ite , Fe- o l ivine , sul fide , and glass . 
Chromite occurs in o l ivi ne and pyroxene , and ulvospine1 is 
common . Ilmenite , and some ulvosp i nel , tends to be associated 
with the residual fayal it:e and �r i stobal ite . 

Fig.  Za 

Fig.  2b  

Figure 2 .  Photomicrographs of 156 3 6 , 8 .  Widths about 3 mm . a )  
transmitted l ight ; b )  crossed polariz ers . 
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CHEMISTRY : Chemical analyses are l isted in Table 1 and rare
earths shown in Figure 3 .  The maj or element analyses differ , and 
the rare earths of the Fruchter et al . ( 19 7 3 )  analyses are much 
lower than is normal for Apo l l o  1 5  mare basalts ; thi s  analysis i s  
perhaps much l e s s  rel iable and subj ect t o  some sampl ing problems 
resulting from the coarse gra in s i z e . The analys i s  of Chappell 
and Green ( 19 7 3 ) i s  almost identical with their analysis  of 1 5 6 2 2  
and they suggested it was the same rock, broken up . However , 
1 5 6 2 2  i s  much more ves icular and probably much finer grained . 
The analys is i s  one of the most magnes ian of the Apollo 15 
ol ivine-normative basalts , but Chappel l and Green d i d  not have 
enough evidence to d i stinguish a primitive magma from a cumulate 
origin for the rock . Compston et a l . ( 1 9 7 2 ) noted the systema
t ically l ower Rb derived from the i r  XRF analys is ( reported in 
Chappell  and Green , 1 9 7 3 ) , and the more-r��l iable I D/MS data . 

PHYSICAL PROPERTIES : Gose et a l . ( 1 9 7 2 )  and Pearce et al . ( 1 9 7 3 ) 
measured a magnetic intens ity o f  3 . 2  x l0-6 emujg for the whole 
rock , an intens ity about average for Apol l o  15 mare basalt s . 

PROCESSING AND SUBDIVI SIONS : S everal small  p ieces were chipped 
off , 0  ( now 3 2 5 . 8  g) to make the a l locat ions . The thin sections 
( , 8  and , 9 ) were made from an linused returned chip ( , 4 ) . 
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TABLE 15636-1 . &llk rcx:k chemical analysis 

, 6  ' 5  
Wt %  5102 44.58 

Ti02 2.22 
Al203 8. 55 9 . 8  
F'eO 22.67 19.61 M:jO 11 . 32 
cao 9 . 58 
Na20 0.26 0. 247 
K20 0.04 
P205 0.07 

TfPii)" "  Sc 35 
v 

Cr 3840 3540 
>-h 2400 
Co 52 
Ni 
F<b 0. 52 0 . 72 
Sr 94.6 90.9 
y 21 
Zr 77 
Nb 6 Hf 1 . 3  Ba 'Jh 
u Ib 
La 2 . 6  
Ce 
Pr 
N:l 
ar, 1 . 9  
Ell 0.66 Qj Th 
Dt Ho Er 
'lln 
Yb 1 . 3  
lu 0. 22 
Li 
Be 
B 
c 
N 
s 500 
F 

C1 
Br 
cu 
Zn 

(prb) i 
At 
Ga 2900 
Ge 
As 
Se 
t-b 
Tc 
&> 
Rh 
Rl 
l'<;L_ ____ Cd In Sn st Te---
Cs 
Ta 
w 
Re 
Os 
Ir 
pt Au fkJ 
Tl 
Bi 

(3} 

1 5 6 3 6  

References and metha:ls: 

( 1 )  Chatpell and Green (1973 ) ,  o:rnpston et a1-
(1972 ) ;  XRF 

{2)  Fruchter et al. ( 1973 ) ;  INAA 
(3)  Q:rnpston et al. (1972 ) ;  ID/MS 
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1 5 6 3 6  

m I 100� ; 

* , 6 - F ruchter et a l .  ( 1 973 ) ;  ! NAA 

* Gd value calculated. 

La Ce Pr Nd 

Rare Earth Element 
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Rare earths in a spl it o f  1 5 6 3 6 .  

1 08 6  



,.---- �1�5�6�3�7------�M�E�D�IU�M
�
-�G�RAINED OLIVINE-NORMATIVE 

MARE BASALT ( ?_)_ 
ST . 9A 

1 5 6 3 7  

0 .  9 0  g 

INTRODUCTION : 1 5 6 3 7  is a sma l l  fragment o f  a medium-gra ined mare 
basalt with yel low-green ol ivines ( Fig . 1 )  and smal l  vugs . The 
grain s i ze is 1 to 2 mm and the sample is macroscopically very 
s imilar to other coarse-to medium-gra ined Apollo 1 5  ol ivine
normative mare basalts . 1 5 6 3 7  was col l ected as part of the rake 
sample at Station 9 A .  It has never been subdivided or allocated . 

F igure 1 .  Macroscopi c  view o f  1 5 6 3 7 .  S - 7 1 - 4 9 3 0 7  
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1 5 6 3 8  

15 6 3 8  MEDIUM-GRAINED OLIVINE-NORMATIVE ST . 9A 3 . 6 0 g 
MARE BASALT 

INTRODUCTION : 1 5 6 3 8  is a medium-gra ined , ol ivine-bearing mare 
basalt which contains some vugs but is not vesicular ( Fig . 1 ) . 
Yel low-green ol ivines are conspicuous macroscopica l ly .  The 
sample i s  tough and was col l ected as part o f  the rake sampl e  at 
Station 9A . 

PETROLOGY : 1 5 6 3 8  is a medium-gra ined mare basalt ( Fig . 2 ) . Mg
olivine appears to be absent from the tiny thin sections a lthough 
it i s  visible macroscopical ly i fayal ite is present with cristo
bal ite , troil ite , glass , ulvospinel and ilmenite as a residual 
phase . Steele et al . ( 19 7 2 )  noted the absence o f  o l ivine . The 
dominant phase is p igeonite , up to 2 rom and zoned to augite . 
Plagioclase forms an interstitial phase . 

PROCESSING AND SUBDIVIS IONS : A smal l  piece was sawn off the " E" 
end ( left tip in Figure 1 )  and entirely used up in making the two 
tiny thin sections , 9  and , 1 0 .  Five very tiny chips ( , 2 ) were 
taken in the same process ing . , o  is now 3 . 4 5 g .  

Figure 1 .  Pre-saw view of  156 3 8 . S-71-49559  

1 0 8 8  



Figure 2 .  

1 5 6 3 8  

Fig. 2a 
Fig.  2b 

Photomicrographs of  entire thin section 1563 8 , 1 0 
( about 1x2 mm) a )  transmitted l ight ; b )  crossed 
polariz ers . 
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1 5 6 3 9  

15 639  COARSE-GRAINED OLIVINE-NORMATIVE ST . 9A 7 . 0 0 g 
MARE BASALT 

INTRODUCTION : 1563 9 is a coarse-grained ol ivine-bearing mare 
basalt which is vuggy but not vesicular ( Fig . 1 ) . Yellow-green 
o l ivines and lathy plagioclases are conspicuous macroscopically . 
In chemistry , the sample is a member of the Apollo 15 ol ivine
normative mare basalt group . The sample is tough and has some 
smal l  glass splashes and poss ibly zap pits . 15639  was collected 
as part o f  the rake sample at station 9A . 

PETROLOGY : 1 5 6 3 9  i s  an olivine microgabbro ( Fig . 2 )  with a 
moderately diabas ic texture . The ol ivine does not form pheno
crysts . 

CHEMISTRY : A bulk rock analys is ( Table 1 ,  Fig . 3 )  shows the 
sample to be a member of the Apo l l o  15 olivine-normative mare 
basalt group , and on the basis of the low T i02 and ( imprecisely
determined) high MgO , probably one of the least-evolved . 

PHYSICAL PROPERTIES : Gose et al . ( 1 97 2 )  and Pearce et a l .  ( 19 7 3 )  
measured a natural magnet ic intensity ( NRM) o f  6 . 7  x 1 0-6 emujg 
for the entire rock . This value is typical o f  Apollo 15 mare 
basalts . 

PROCESS ING AND SUBDIVIS IONS : In 1977 , chipping produced two 
chips ( , 1 ) and a separate chip which remains part o f  , o  ( now 6 . 5 6 
g) . , 1  was used for chemical analys is  and to make thin section 
, 4 . 

Figure 1 .  Pre-chip view o f  156 3 9 .  S - 7 1 - 4 9 5 5 1  
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1 5 6 3 9  

Fig.  2a 

Fig.  2 b  

Figure 2 .  Photomicrographs of 1 5 6 3 9 , 4 .  Widths about 3 mm . a )  
transmitted l ight ; b )  crossed polari zers . 
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1 5 6 3 9  

TABLE 15639- 1 - Bulk rock 
chemical analysis 

' 1  wt�----�--------

\ppm) 

ppb 

'l'i02 
A1203 
FeO 
MgO 
CaO 
Na20 
K20 
P205 
Sc 
v 
Cr 
Mn 
�-N i  
J�L 
Sr 
y 
Zr 
Nb 
Hf 
Ba 
Th 
u 
Pb 
La 
Ce 
Pr 
Nd 
Sm 
Eu 
Gd 
Tb 
Dy 
Ho 
Er 
Tm 
Yb 
Lu 
Li 
Be 
ll' 
c 
N 
s 
F 
Cl 
Br 
Cu 
Zn 
I 
At 
Ga 
Ge 
As 
Se 
Mo 
Tc 

1 . 8  
9 . 4 

2 1 . 9  
1 2  

8 . 9  
0 . 280 
0 . 038 

39 
194 

4 1 3 0  
2030 

54 

2 . 1 

4 . 1  

2 . 8  
0 . 76 

0 . 5  
3 . 3  

1 . 8  
0 . 2 1  

�---�--------
Rh 
Pd 
Ag 
Cd 
In 
Sn 
Sb 
T� 
Cs 
�a 
w 
Re 
Os 
Ir 
Pt 
AU __ _ 
Hg 
T l  
Bi  

350 

s 

m 

tooo..l 
! 
I 

100� 

I 
I � .. ·---------· ----- - - ----- ------·*-•.. 

11- . --"- ·.,. .. - -+-.._1<- - - - -· - - -- - - ----- - -- ------------ - ................. �. h ------*-. ---·-- v v � --
l 

�� ··,i 

I �o 
I 
! * , HAl 

* , 1 ( 8 )  
- M a  e t  a l .  ( 1 978) ;  I NAA 
· Ma et a l . ( 1978 ) ;  I NAA 

* Gd va l ue <:a lculated. 

La Ce Pr Nd 

R;1re Earth Element 

LEGEND: SPECIFIC � . 1 IAI H-t . 1 18) 
Figure 3 .  Rare earths in 1 5 6 3 9, 

References and methods : 

( l )  Ma et al . ( 1978)  ; INAA 

Notes : 

( a )  + 30 ppm 
( b )  + 40 ppm 
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1 5 640 

1 5 6 4 0  MEDIUM-GRAINED OLIVINE-NORMATIVE ST . 9A 0 . 5 0 g 
MARE BASALT ( ? t  

INTRODUCTION : 1 5 6 4 0  is a medium-grained , ol ivine-bearing mare 
basalt which is vuggy but not vesicular ( Fig.  1 ) . The olivines 
are visible as small ( l ess than 1 mm) yellow-green crystals . 
Macroscopically the sample is similar to many medium-grained 
Apollo 15 olivine-normative mare basalts . It was coll ected as 
part of the rake sample at Station 9A . 

PROCESS ING AND SUBDIVIS IONS : 
part of it ( , 1 ) consumed . , 0  
Vault and has a mass of 0 . 4 8 2  

1 5 6 4 0  was allocated in toto and 
was returned to the Returned Sample 
g .  

Figure 1 .  Macroscopic , pre-allocation view of 1564 0 .  S-71-49565  
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1 5 6 4 1  

1564 1 MEDIUM-GRAINED OLIVINE-NORMATIVE ST . 9A 6 . 9 0 g 
MARE BASALT 

INTRODUCTION : 1 5 6 4 1  is a medium-grained , ol ivine-bearing mare 
basalt which is vuggy but not vesicular ( Fi g .  1 ) . Yellow-green 
ol ivines are conspicuous macroscopically ; they do not generally 
form phenocrysts . In chemistry , the sample is a fairly average 
member of  the Apollo 15 ol ivine-normative mare basalt group . 
Most of  the surface is fresh , but there is one patch of about 1 
cm2 which is p itted with glassy patches . 1564 1 was collected as 
part of  the rake sample at Station 9A . 

Figure 1 .  Pre-chip view of 1564 1 .  S-71-49557  
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1 5 6 4 1  

PETROLOGY : 15641  is a ntedium-grained , ol ivine-bearing mare 
basalt ( Fig . 2 ) . Most olivines and pyroxenes are less than 1 rom 
across but a few anhedral olivines , containing sil icate liquid 
inclusions , are up to 2 rom . The pyroxenes enclose small 
ol ivines . Plagioclases are ophitic to lathy and encl ose small 
pyroxenes and ol ivines . A residue includes glas s ,  fayal ite , 
cristobal ite , and troil ite . According to Dowty et al . ( 19 7 3b)  
the sample is l ike 15610  but has less residue . They reported a 
mode of  5 1 %  pyroxene , 2 6% plagioclase , 17% ol ivine , 4 %  opaques ,  
0 . 3 % sil ica ( actually cristobalite ) ,  and 0 . 7 % miscellaneous . The 
mode in Dowty et al . ( 19 7 3 a )  is sl ightly di fferent : 0 . 2 % silica 
and 0 . 8 � miscellaneous . Dowty et al . ( l9 7 3 c )  tabulated micro
probe analyses of pyroxene , olivine , plagioclase , and Fe-metal ,  
and Nehru et al . ( 19 73 ) tabulated analyses of spinel group 
minerals and ilmenite . Nehru et al . ( 19 7 4 )  noted that boundaries 
between chromites and their ulvospinel mantles included both 
sharp and gradual varieties . The metal grains contain 1 . 4  to 
1 . 6% Co and 6 . 2  to 9 . 1% Ni (but up to 3 3 %  Ni in some cases ) . The 
ilmenites contain 0 . 3 3 to 1 . 07%  MgO . The chemistry of minerals 
( Fig . 3 )  is typical for Apollo 15 ol ivine-normative mare basalts . 

Fig.  2a Fig .  2b 

Figure 2 .  Photomicrographs of 1564 1 , 3 .  Widths about 3 rom . a)  
transmitted light ; b )  crossed polariz ers . 
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1 5 6 4 1  

Figure _]_ . Chemi stry of minerals in 1 5 6 4 1  ( Dowty _et __ al . ,  l 9 7 3 b ) . 
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CHEMISTRY : A bulk rock analysi s  ( Tabl e  1 ,  F ig .  4 )  shows 1 5 6 4 1  to 
be a member of the Apollo 15  olivine-normative mare basalt group , 
perhaps an Mg-rich one . A defocussed beam microprobe bulk 
analys i s  is reasonably consistent but suggests that the sample is 
a fairly average member of the group . 

TRACKS : Poupeau et al . ( 19 7 2 ) measured solar flare tracks in 
feldspars from 2 5  surface locations . Solar flare irradiation is 
correlated with the rounded , dust-coated , p itted surface . Track 
dens ities range from 0 . 7  to more than 2 0  x 107jcm2 • A sectioned 
surface has a dens ity of  1 0  to 3 .  5 x 1 07jcm2 tracks in the oute r  
mill imeter ,  and 0 . 7  x l07jcm2 at 5 . 8  mm depth . 

PROCESS ING AND SUBDIVISIONS : Chipping produced , 1  ( 3  chips) and 
, 2  ( 1  chip) . , 2  was partly used to produce thin sections , 3  and 
, 8 .  , o  was allocated in toto for the track work and was 
returned , the l argest p iece being numbered , 9 .  In 19 77 , , 9  was 
further chipped to produce , 1 3 for chemical analyses and to make 
thin section , 19 .  , 9  at 3 . 9 8  g is the largest piece . 

1 0 9 6  



TAB.LE 15641-l. Bulk rock <.:ht!n.i.ml d.!ictlyses 
, 13 Wt � ··-smL· -·-----·· 

Ti02 1 . 9  
Al203 8.8 
FeO 21.9 

� 12 
eao 9 . 2  
Na20 0. 252 
K20 0. 034 
P205 

1Wilf Sc 37 
v 212 
Cr 4110 
Mn 2080 
Co 52 
Ni 75(a) 
Rb 
Sr 
y 
Zr 
Nb 
Hf 2 . 3  
Ba 55(b) 
n, 
u Flo La 4.4 
Ce 
Pr 
N'l 
9n 3 . 1  
Ell 0. 77 
G:l 

1b 0 . 6  
D.f 3 . 5  
lb 
Er 
'IIn 
Yb 1 . 9  
w 0. 26 
Li 
Be 

B 
c 

N 

s 

F 

C1 Br 
Cu 
Zn (ppb) --·- I 
At 
Ga 
Ge 
As 
Se 
M:> 
Tc Rl Rh ru 
i'g Ol In Sn Sb Te Cs Ta 390 
w 
Re 
Os 
Ir 
Pt 
Au 
Hg 
T1 Bi 

f) 

1 5 6 4 1  

References and methcrls: 

( 1 )  Ma et al. (1978) : INM 

tibtes: 

(a) +20 p);l11 
(b) :£35 ppn 
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1 5 6 4 1  

1000� 
I 

I 100� 

* , 13 - Ma et a l .  ( 1978); J NAA 
* Gd va lue calculated. 

La Ce Pr Nd 

Rare Earth Element 

LEGEND: SPECIFIC � • 13 

Figure 4 .  Rare earths in 1564 1 .  

TABLE 1 5 6 4 1-2 . Defocussed beam bulk 
analysis ( Dowty et al . ,  197 3 a , b )  

Wt% S i02 4 4 . 4  
Ti02 2 . 18 
Al203 1 0 . 1  
FeO 2 1 . 3 
MgO 10 . 2  
CaO 9 . 7  
Na20 0 . 3 7 
K20 0 . 0 6 
P205 0 . 07 

ppm Cr 3 0 15 
Mn 1 8 6 0  
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1 5 6 4 2  

1 5 6 4 2  MEDIUM-GRAINED OLIVINE-NORMATIVE ST . 9A 1 . 9 0 g 
MARE BASALT 

INTRODUCTION : 1 5 6 4 2  is  a medium-grained , ol ivine-bearing basalt 
which is vuggy but not vesicular ( Fig . 1 ) . The yel low-green 
ol ivines are consp icuous macroscop ical l y .  1 5 6 4 2  was col lected as 
part of the rake sample at Station 9A . 

PETROLOGY : 1 5 6 4 2  is  a medium-grained , ol ivine-bearing mare 
basalt in which the pyroxenes are up to 2 mm long , zoned , and 
twinned ( Fig . 2 ) . Olivines are anhedral and most are less than 1 
mm across . Larger ones conta in crystall ized silicate-liquid 
inclusions . Plagioclases include some with hollow ,  square 
sections . There is some res idual glass , but fayal ite and 
cristobal ite appear to be rare . 

PROCESS ING AND SUBDIVISIONS : , 1  was chipped off and largely used 
to make thin sections , 1  and , 6 .  , 0  i s  now 1 . 6 0 g .  

Figure 1 .  Pre-chip view of 15642 . S-71-49575  
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1 5 6 4 2  

Figure 2 .  Photomicrographs of 1 5 6 4 2 , 1 .  Widths about 3 mm . a) 
transmitted l ight � b)  crossed polarizers . 
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1 5 6 4 3 

1 5 6 4 3  MEDIUM-GRAINED OLIVINE-NORMATIVE ST . 9A 17 . 9 0 g 
MARE BASALT 

INTRODUCTION : 1 5 6 4 3  is a medium-grained, ol ivine-bearing mare 
basalt which is vuggy but not ves icular ( Fig . 1 ) . Yellow-green 
ol ivines are conspicuous, macroscopically but do not form 
vesicles . In chemistry , the sample is a magnes ian member of the 
Apollo 15  olivine-normat.ive mare basalt group . The sample is 
very dusty on one side and showed a possible soil l ine . It had 
no zap pits . 1 5 6 4 3  was collected as part of the rake sample at 
Station 9A.  

Figure 1 .  Pre-chip view of 15643 . S-71-4 9 7 8 3  
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1 5 6 4 3  

PETROLOGY : 15643  i s  a medium-grained , ol ivine-bearing mare 
basalt ( Fig . 2 ) . Many grains are about 1 rom across , but a few 
pigeonites are bigger , and some plagioclases which ophitically 
enclose small pyroxenes and ol ivines are almost 2 rom across .  
Some of the larger ol ivines contain crystal l ized sil icate liquid 
inclus ions . According to Dowty et al . ( 19 7 3b) , the sample is 
similar to 1564 1 ,  and has some variolitic areas . Dowty et al . 
( 197 3 a , b ) reported a mode of 6 0 %  pyroxene , 2 1% plagioclase , 13%  
olivine , 4 %  opaques , 0 . 5 % sil ica (actually cristobal ite ) and 1 . 5 % 
miscellaneous . Dowty et al . ( 1 973c)  tabulated microprobe 
analyses of pyroxenes , ol ivines , plagioclases ,  S i-K glass , and 
Fe-metal , and Nehru et al . ( 1 973 ) tabulated analyses of spinel 
group mineral s and ilmenite . Nehru et al . ( 1974 ) included 1 5 6 4 3  
i n  their general discussion but provided no specific data or 
comment . The metal grains contain 1 . 3  to 4 . 2 % Co and 2 . 4 to 2 . 8 % 
Ni . The ilmenites contain 0 . 6 4 to 0 . 9 9%  MgO . The chemistry of 
minerals ( Fig . 3 )  is typical of Apollo 15 olivine-normative mare 
basalts . 

Figure 2 .  

Fig.  2 a  Fig.  2 b  

Photomicrographs of 15643 , 14 .  Widths about 3 rom . 
transmitted l ight ; b) crossed polariz ers . 

1 1 0 2  
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1 5 6 4 3  

Figure 3 .  Chemistry of minerals in 1 5 6 4 3  ( Dowty et al . ,  1 9 7 3 b ) . 
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CHEMISTRY : Bulk rock chemical ana lyses are l i sted in Table 1 and 
the rare earths shown in Figure 4 .  A defocussed beam microprobe 
analysis listed in Table 2 is cons istent . The sample appears to 
be a member, and an Mg-rich one , of the Apollo 15 olivine
normative mare basalt suite . Laul et al . ( 19 7 2 a )  noted the 
positive Eu anomaly , low SmjEu , and low rare-earths and stated 
that 1 5 6 4 3 was probably derived by a higher degree of partial 
melting , involving larger degrees of plagioclase melting in the 
source , than other samples such as 15555 . This concept cannot be 
considered tenable . Laul and Schmitt ( 1 97 3 ) , us ing the same 
data , suggested that the sample occluded very l ittl e ,  i f  any , 
late magma . Such would be consistent with the very low Ti02 • 
( Dowty et al . ,  197 3 a ,  referring to this feature erroneously 
ascribed it to 1 5 6 4 1  instead of 1 5 6 4 3 . )  Of note is  the very 
small sample size  ( 4 9  mg ) used by Laul and S chmitt ( 19 7 3 ) in this 
analys is . Ma et al . ( 19 7 8 )  also referred to the Laul and Schmitt 
( 19 7 3 )  data and stated that 15643  was not related to other 
olivine-normative mare basalts by fractionation or filter
press ing . 

Cuttitta et al . ( 1 9 7 3 ) and Christian et al . ( 19 7 2 ) also analyzed 
for , and found no , Fe203 , and found an " excess reducing capacity" 
( ARC ) of +0 . 12 .  
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1 5 6 4 3  

PROCESSING AND SUBDIVIS IONS : Early chipping produced sets of 
chips , 1  through , 6 .  , 2  and , 3  were reproces sed in 1 9 7 7  to 
produce thin sections , 14 and , 15 from , 2  and chemical analys i s  
of , 3 .  , o  is not 15 . 6 0 g .  

!OOOi 
I 

I 
I 
I : I !00� 
I 
I 

I 
I 

L * , 3 - Laul and Schmitt ( 1 973>; 

1 
* Gd value calculated. 
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Rare Earth Element 

LEGEND: SPECIFJC � , 3 

Figure � .  Rare earths in 1 5 6 4 3. 
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1 5 6 4 3  

TABLE 15643-l. B.Jlk rock chemical 
analyses 

, 5 . 3  
Wt% _ _ __ 

SJ.02 44.80 
Ti02 2.01 1. 1 
Al203 9.08 10.0 
FeO 21. 28 23. 1  
MeO 12. 20 13 

TABLE 1 5 6 4 3 -2 . De focussed beam bulk cao 9.48 9.0 
Na20 0. 27 0.271 chemical analys is ( Dowty et al . , 1 9 7 3 a , b ) K20 0.05 0.018 
P205 0.09 

(ppn) Sc 32 30 
v 15 150 Wt% S i02 45 . 4  Cr 3355 3040 
"" 2170 1990 Ti02 1 .  8 7  
Co 74 57 Al203 7 . 2  Ni 145 Rb <1 FeO 23 . 7  Sr 140 MgO 12 . 5  y 23 
Zr 59 <170 cao 8 . 6  
Nb <10 Na2 0  0 . 2 5 Hf 1 .1  
Ba 43 60 K20 0 . 0 3 
'Ih P205 0 . 0 7 u 
Pb ppm Cr 3 1 5 0  
La <10 2 .4  Mn 2 0 9 5  Ce 7.6 
Pr 
N::l 
an 1.8 
lli 0.82 
Qj 
'lb 0.3  
D; 2 .3  
lb 
El: 

-- Th1 
Yb 3.9 1 . 3  
lli 0. 20 
Li 4.7 
Be <1 
B 
c 
N 
s 
F 
Cl 
Br 
01 8.6 
Zn 

\Hb) 
At 
Ga 4100 
Ge 

As 
Se 

""' 
Tc 
Ru 
Rn 
ru 
l"'J 
ru 
In 
Sn 
Sb 
1'e 
Cs 
'!a 200 
w 

Re 

Os 

Ir 

Pt Feferences and methcx:ls : 
ru 
IkJ ( 1 )  Clristian et al. { 1972) ,  Cuttitta et 
T1 al. (1973 ) :  XRF, chemical , optical-
Bi Em.iss. spec .  

1 (2) (2) Laul and Schnitt ( 1973) :  INAA 
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1 5 6 4 4  

1 5 6 4 4  MEDIUM-GRAINED OLIVINE-NORMATIVE ST . 9A 0 . 4 0 g 
MARE BASALT ( ? )  

INTRODUCTION : 1 5 6 4 4  is  a sma l l  fragment cont ining yel l ow-green 
o l ivines , brown pyroxene , and white p l agiocl ase ( Fi g .  1 ) . It is 
similar in appearance to non-ves icula r ,  medium-grained Apo l l o  15  
o l ivine-normative mare basalts . It was col l ected as part o f  the 
rake samp l e  at Station 9A . 1 5 6 4 4  has never been subdivided or 
a l l ocated . 

Figure 1 .  Sample 1 5 6 4 4 . S - 7 1 -4 9 7 7 7  
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1 5 6 4 5  

1 5 6 4 5  MEDIUM-GRAINED OLIVINE-NORMATIVE ST . 9A 0 . 5 0 g 
MARE BASALTill 

INTRODUCTION : 15645  is a small fragment contining yel l ow-green 
ol ivines , brown pyroxene , and white plagioclase ( Fig . 1 ) . It is 
similar in appearance to non-ves icular,  medium-grained Apollo 15 
olivine-normative mare basalts . It was collected as part of the 
rake sample at Station 9A.  1 5 6 4 5  has never been subdivided or 
allocated . 

Figure 1 .  sample 1564 5 . S-71-4 9 5 69 
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1 5 6 4 7  

1 5 6 4 7  MEDIUM-GRAINED OLIVINE-NORMATIVE ST . 9A 58 . 2  g 
MARE BASALT 

INTRODUCTION : 15 6 4 7  is  a fine-gra ined , ol ivine-bearing mare 
basalt ( Fig . 1 ) . The ol ivines form small phenocrysts . In 
chemi stry , the basalt appears to be an average member of the 
Apollo 15 olivine-normative mare basalt group . It is a coherent , 
rounded sample with numerous zap pits . I 1: was collected as part 
of the rake sample at Station 9A . 

PETROLOGY : 1 5 6 4 7  cons ists of anhedral , small ( less than 1 rom ) 
olivines , small granular pyroxenes and some granular olivine , and 
plagioclases ( Fig . 2 ) . The plagiocla ses , up to 2 rom long , are 
ragged and poikil it ically enclose the small  mafic phases . In 
places they grow in a radial arrangement . The ol ivine pheno
crysts appear optically unz oned generally ,. and a few contain 
quenched s i l icate l i quid inclus ions . Chromite is present in the 
olivines , but ulvospinel is the dom inant opaque phase . Ilmenite , 
cristobal ite , glas s ,  fayal ite , and troil ite form the res iduum . 
Dowty et al . ( 19 7 3 a , b ) described 1 5 6 4 7  as the coarsest (by far) 
of the ol ivine-phyric basalts they studied ; coarser rocks have a 
gabbroic , non-porphyritic texture . They reported a mode of 51% 
pyroxene , 2 9 %  plagiocl ase , 11%  o l ivine , 6%  opaques , and 3 %  
miscell aneous . Microprobe analyses o f  pyroxenes , ol ivines , 
plagioclases , and res idual glass were l i sted in Dowty et al . 
( 19 7 3 c )  ( Fig . 3 ) , and Nehru et al . ( 1 9 7 3 , 1 9 7 4 ) reported and 
generally discussed spinel group and ilmenite analyses . Metal 
grains conta in 1 . 3  to 1 . 8 % Co and 2 . 2  to 7 . 7 % Ni ( some up to 2 3 %  
N i ) , and the ilmenite has 0 . 6  t o  1 . 1 1 %  MgO . The res idual s i l icic 
glass contains up to 7 . 9 % K20 . 

Figure 1 .  Post chip view of  1 5 64 7 . S-7 1-5 6 3 5 3  
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1 5 6 4 7  

Fig.  2a Fig. 2b 

Figure 2 .  Photomicrographs of 15647 , 6 .  Widths about 3 mm . a)  
transmitted l ight ; b)  crossed polarizers . Ol ivine 
phenocryst ( center) has a quenched sil icate l iquid 
inclusion , and euhedral crystal faces against 
plagiocl ase , anhedral against mafic phases . 
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Figure 3 .  Compositions of mineral phases in 1 5 6 4 7  ( Dowty et al . , 
1 9 7 3 b ) . 
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CHEMISTRY : A maj or and trace el ement analysis reported by Helmke 
and Haskin ( 19 7 2 ) and Helmke et a l . ( 19 7 3 )  i s  l i sted in Table 1 ,  
with the rare earths pl otted in Figure 4 .  Although Helmke and 
Haskin ( 19 7 2 ) stated that 1 5 6 4 7  is representative of  most of the 
o l ivine-normative basalts ( for trace elements ) ,  it has higher 
Ti02 and FeO , and lower Al203 • The defocussed beam analys is of 
Dowty et al . ( 19 7 3 a , b ) ( erroneously l i sted under 1 5 6 9 7  in 1 9 7 3 a )  
i s  s imilar to the Helmke et a l . ( 1 9 7 3 ) analysis except for more 
"normal" Ti02 and Al203 abundances . The sample would thus appear 
to be a fairly average member of the Apollo 15 o l ivine-normative 
mare basalt group . The Hf abundance for 15647  ( and all other 
samples analyzed ) reported by He lmke et a.),_ . ( 19 7 3 ) is a revision 
downwards of the Helmke and Haskin ( 1 9 7 2 )  data . 

PROCESS ING AND SUBDIVIS IONS : A few small pieces were chipped 
from 1 5 6 4 7  ( , 0 now 5 5 . 3 9 g) for al locations ( Fig . 1 ) . Thin 
sections were made from two p i eces : , 1  produced , 6  and , 7 ;  and 
, 2  produced , 1 2 and , 1 3 .  

1 1 1 0  
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TABLE 15647-l. Bulk rock 
chEmical analysis 

, 4 
Wt..i; 5.1.02. 46.2 

Ti02 3 . 01 
Al203 7.86 
FeO 23.9 
M:JO 10.4 
CaO 9.67 
Na20 0. 275 
K20 0. 047 
P205 

<=l Sc 46. 1 v Cr 4000 Mn 2290 
Co 53 
Ni 
Rb 1 . 7  
Sr y----

-
----

Zr 
Nb 
Hf 2. 6(a) 
Ba 

Th 

u 

lb 

I.a 4. 83 
Ce 13. 3 
Pr 
Nj 10.6 
Sn 3 . 54 
Eil 0. 92 
Gd 5.0 
"lb 0.83 
Dy 5.64 
!b 0.93 

-- - Er 3.0 
111\ 
Yb 2. 27 
Ill 0. 327 
Li 
Be 
B 
c 
N 
s 
F 
C1 
Br 
OJ 
Zn 

(ppb) I 
At 
Ga 3500 
Ge 
As 
Se 
M:> 
Tc 
J<u 
Rh 
F\i 
l>£j 
Cd 
ln 
Sn 
Sb Te----

---

Cs 41 
Ta References and rnethcds: 
w 
Re ( l )  Helmke and llaskin 
Os (1972) . Helmke et al . ,  
Ir (1973) :  INAA, A1>S, RNAA 
Pt 
Au 

/- H;J l'btes: 
Tl 
Bi (a) listed as 6.  5 ppn in 

l Helmke and Haskin (1972) 
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1000� 

s 

p 100� 

, 4  
Hel mke and Haskin ( 1 972 ) ,  He lmke e t  a l .  
( 1 973); ! NNA, AAS, RNM 

Rare Earth Element 

LEGEND: SPECJFIC �� • 4 

Figure 4 .  Rare earths in 1 5 64 7 , 4 .  

TABLE 1 5 6 4 7 -2 . Defocussed beam bulk 
rock analysis ( Dowty et al . ,  19 7 3 a , b )  

Wt % S i02 4 4 . 8  
Ti02 2 . 3 5 
Al203 9 . 0  
FeO 2 3 . 6  
MgO 1 0 . !5 
cao 8 . 13 
Na20 0 . 3 3 
K2 0 0 .  0 4, 
P205 0 . 0 7 

ppm Cr 3 0 1!5 
Mn 2 0 1 !5 
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15648 BRECCIATED/MELTED MEDIUM-GRAINED ST . 9A 9 . 1 0 g 
OLIVINE-NORMA'l'IVE MARE BASALT 

INTRODUCTION : 15648  is an ol ivine-bearing , medium-grained mare 
basalt which has been brecciated and partly melted . It is not 
vesicular and has few vugs ( Fig . 1 ) . In chemi stry , it is an 
average member of the Apol lo 15 ol ivine-normative mare basalt 
group . The sample is moderately friable and fractured , and pale
colored with chalky ( shocked ) feldspars . The surfaces tend to be 
rounded but zap p its are not obvious . One side is  dusty and 
there are some possible welded-dust/glassy patches . 15648  was 
col lected as part of the rake sample from Station 9A.-. 

Figure 1 .  Pre-chip view of 1 5 6 4 8 . S-7 1-4 9 7 7 3  

PETROLOGY : 15648  is a brecciated basalt ( Fig . 2 ) . A brief 
description was given by Ma et al . ( 197 8 ) . The sample has been 
partly melted . Most has been severely deformed and cons ists of 
crushed mineral debris surrounded by dark-brown glassy 
mesostas is . Larger ,  relatively undeformed crystals (mainly 
pyroxene) are interspersed in the matrix . Other parts are less 
severely deformed and retain the original microgabboroic texture . 

CHEMISTRY : A bulk chemical analys is (Table 1 ,  Fig . 3 )  shows 
1564 8  to be a fairly average member of the Apol lo 15 olivine
normative mare basalt group , although the FeO is low . Neither Ni 
nor Co appear to have been increased by any meteoritic 
contamination . 

PHYSICAL PROPERTIES : Gose et al . ( 19 7 2 )  and Pearce et al . ( 19 7 3 )  
measured a natural magnet:ic intensity ( NRM) of 2 .  5 x l0-6 emujg 
for the total sample . This value is typical for Apollo 15 mare 
basalts . 

PROCES SING AND SUBDIVIS IONS : In 1977 , a single chip ( , 1 ) was 
taken and used for chemical analys is and to make thin section , 5 .  
, o  is  now 8 . 4 0 g .  

1 1 1 3  
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Fig. 2a 

Fig. 2b 

Figure 2 .  Photomicrographs of 15648 , 5 . Widths about 3 mm . a )  
transmitted l ight ; b )  crossed polariz ers . 
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chao i (·a l ana.lysl s  

5>02 'fi02 
Al203 
FeO 
M;JO 
CaO 
N->.20 
K20 
P205 

, 1  
2 . 2  
9- 9 

20.1 
11 

9.7 
0. 284 
0.041 

([.pU) Sc 44 

rfPh 

v 196 
Cr 3480 
!-tl 2000 
co 43 
Ni 20(a) 
Rb Sr 
y Zr Nb Hf 2 - 1  Ba --------

'Ib 

u 

Pb 
la 
Ce 
Pr 
N:i 
Sn 
El.I 
Gd 
'lb 
Dy 
lb 
Er 
1ln 
Yb 
ill 
Li 
Be 
B 
c 
N 
s 

Cl 
Br 
OJ 
Zn I At Ga Ge 
As Se 
Mo Tc Ru 
ro, ru 
Ag Cd In Sn Sb 
Te 

Cs 
Ta 
w 
Re 
Os 
Ir 
pt 
hJ 
H3 
T1 
Bi 

4. 7 

3 - 2  
0. 82 

0. 7 
4. 5 

2 . 2  
0.26 

390 

(l) 

1 1 1 5 

References and met:hcrls: (1) Ma et al. (1978) ' INAA 

:tbtes: 

(a) :t15 P!Jil 
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* Gd value calculated. 
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Figure 3 .  Rare earths in 15648. 
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1 5 6 4 9  FINE-GRAINED OLIVINE-NORMATIVE ST . 9A 6 .  2 0  g 
MARE BASALT 

INTRODUCTION : 15649  is a fine-grained , ol ivine-bearing mare 
basalt which is not vesicular and has few vugs ( Fi g .  1 ) . Like 
1 5 6 4 8  it is pale-col ored , but is not brecciated or melted ; it 
does appear to be shocked- fractured . Small yellow-green ol ivines 
are visible macroscopical ly . In chemistry the sample is an 
average member of the Apollo 15 ol ivine-normative mare basalt 
group . 15649  was collect:ed as part of the rake sample at Station 
9A.  

Figure 1 .  Pre-chip view of 15649 . S-71-49587  

PETROLOGY : 15649 is a moderately fine-grained , subophit ic , 
ol ivine-bearing mare basalt ( Fig . 2 ) . It appears to be shock
fractured . Pyroxenes and plagioclases are generally less than 
hal f a mill imeter long ; ·the plagioclases form stubby crystals . 
The olivines are up to about 1 mm and some are zoned and 
phenocrystic , but many are smaller . Fayal ite is present but 
cristobal ite is  rare to absent . Opaque phases include chromite , 
ulvospinel , ilmenite , Fe-metal ( rare ) , and troil ite . Ma et al . 
( 19 7 8 ) referred to 15649  as an ol ivine microgabbro . Steele et 
al . ( 19 7 2 a )  plotted the compositions of plagioclases : An93_89 
and Fe of 0 . 4  to 0 . 6% ,  similar to Apollo 12 and other Apollo 15 
mare basalt plagioclases . 

CHEMISTRY : A bulk chemical analysis (Table 1 ,  Fig.  3 )  shows 
15649  to be a fairly average member of the Apollo 15 ol ivine
normative mare basalt group , perhaps Mg-enriched but the Mg is  
imprecisely determined . The composition is very similar to 
1564 8 . 

PROCESS ING AND SUBDIVISIONS : In 19 7 1 ,  chipping produced , 1  
( several chips)  and , 2  ( s ingle chip) . , 2  was used to make thin 

� sections , 4  and , 6 . In 19 77 , two chips ( , 1 0 )  were removed from 
, 1  ( leaving it mainly as small chips and fines ) and used for 
chemical analysis and to make thin section , 12 .  , 0  is now 4 . 4 2  g .  

1 1 1 7  
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Fig. 2a 

Fig. 2b 

Figure 2 .  Photomicrographs of 1564 9 , 6 . Widths about 3 rom . a) 
transmitted l ight ; b )  crossed polarizers . 
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F igure 3 .  Rare earths in 15649. 
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1 5 6 5 0  FINE-GRAINED OLIVINE-NORMATIVE ST . 9A 3 . 4 0 g 
MARE BASALT.i1..l 

INTRODUCTION : 1 5 6 5 0  is a fine-grained , pale-colored , non
vesicular fragment ( Fig . 1 ) . Small yellow-green ol ivines are 
visible and the sample is probably an Apollo 15 olivine-normative 
mare basaslt . It was collected as part of the rake sample at 
Station 9A.  

Figure 1 .  Pre-chip view of 1 5 6 5 0 . S-71-49547  

PROCESS ING AND SUBDIVISIONS : Chipping produced several small 
chips ( , 1 ) of which the largest was numbered , 2  and allocated . 
It was partly used in making small grain mounts ( , 7  to , 14 ) . , 0  
is  now 2 . 4 8  g .  

1 1 2 1  
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15651 FINE-GRAINED OLIVINE-NORMATIVE ST.  9A 1 . 6 0 g 
MARE BASALT 

INTRODUCTION : 15651  is a fine-grained , pale-col ored , non
vesicular , ol ivine-bearing mare basalt ( Fi g .  1 )  . It has been 
moderately shocked . The ol ivines do not appear to form 
phenocrysts and are visible but not consp icuous macroscopical ly . 
The sample appears to be a member of the Apollo 15 ol ivine
normative mare basalt group . It is angular and friable . 1 5 6 5 1  
was col lected a s  part o f  the rake sample a t  Station 9 A .  

Figure 1 .  Pre-chip view of 1565 1 .  S-71-49769  

PETROLOGY : 1 5 6 5 1  is a moderately fine-grained , ol ivine-bearing 
mare basalt with a subophitic or gabbroic texture ; it has been 
somewhat cataclasized by shock ( Fig . 2 ) . Dowty et a l . ( 19 7 3 a , b ) 
found it to be finer-grained than most ol ivine microgabbros and 
that it might be o l ivine phyric . They re,ported a mode of 62%  
pyroxene , 28%  p lagioclase , 3 %  olivine , 0 . 3 % s i l ica , 5% opaques ,  
and 1 . 7 % miscellaneous . Dowty et al . ( 19 7 3 c )  tabulated micro
probe analyses of pyroxene , ol ivine , plagioclas e ,  and Fe-metal � 
and Nehru et al . ( 19 7 3 )  tabulated analyses of spinel group and 
ilmenite minerals . Nehru et al . ( 19 7 4 )  included 15651  in their 
general discuss ion of opaque mineral s  but: reported no specific 
data or comment . The mineral chemistry ( Fig . 3 )  is typical for 
Apol lo 15 ol ivine-normative mare basalts . 

CHEMISTRY : The only chemical data is a microprobe defocussed 
beam bulk rock analysis ( Tabl e  1) . This  analysis is consistent 
with 1 5651  being a member of the Apollo 15  ol ivine-normative mare 
basalt group . The measured Ti02 is high and K20 low ,  suggesting 
some sampl ing problems . 

PROCESSING AND SUBDIVISIONS : Chipping produced , 1  which was 
mostly used to make thin sections , 6  to , 8 .  , 0  is now 1 . 4 5 g .  

1 1 2 2  
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Fig. 2a 

Flig. 2b 

Figure 2 .  Photomicrographs of entire thin section 15651 , 6 , about 
3 mm across . a )  transmitted l ight ; b )  crossed 
po1arizers . 
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Chemistry of  mineral s in 1 5 6 5 1  ( Dowty et al . ,  1 9 7 3 b ) . 

TABLE 1 5 6 5 1- 1 . Defocussed beam bulk 
analys is ( Dowty et al . ,  197 3 a , b )  

Wt % 

ppm 

S i02 
Ti03 
Al203 
FeO 
MgO 
cao 
Na20 
K20 
P205 
Cr 
Mn 

1 1 2 4  

4 3 . 7  
3 . 1  
8 . 9  

2. 3 .  9 
10 . 9  

9 . 0  
0 . 2 5  

< 0 . 01  
0 . 0 4 
<! 3 3 0  
1 9 4 0  
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15652  FINE-GRAINED OLIVINE-NORMATIVE ST . 9 A  0 . 7 0 g 
MARE BASALTill 

INTRODUCTION : 15652  is a fine-grained , pale-colored , non
vesicular fragment ( Fig . 1 ) . Small yellow-green ol ivines are 
visible and the sample is probably an Apollo 15  ol ivine-normative 
mare basalt . It was collected as part of the rake sample at 
Station 9A . It has never been subdivided or all ocated . 

Figure 1 .  Sample 15652 . S-71-49787  
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1 5 6 5 3  FINE -GRAINED OLIVINE-NORMATIVE ST . 9 A  0 . 4 0 g 
MARE BASALT ( ? )  

INTRODUCTION : 1 5 6 5 3  is a fine-gra ined , pale-col ored , non
ves icul ar fragment ( F ig . 1 ) . Small yel low-green ol ivines are 
visible and the sample is probably an Apollo 15 ol ivine-normative 
mare basalt . I t  was coll ected as part of the rake s ample at 
Station 9 A .  It  has never been subdivided or a l l ocated . 

Figure 1 .  Sample 15653 . S-71-49572  

1 1 2 6  



15654 FINE-GRAINED OLIVINE-NORMATIVE 
MARE BASALT ill 

1 5 6 5 4  

ST . 9A 0 . 2 0 g 

INTRODUCTION : 15654  is  a fine-grained , pal e-colored , non
vesicular fragment ( Fig . 1 ) . Small  yellow-green ol ivines are 
visible and the sample is probably an Apollo 15 o l ivine-normative 
mare basalt . It was collected as part of the rake sample at 
Station 9A.  It has never been subdivided or allocated . 

Figure 1 .  Sample 15654 . S-71-49765  
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1 5 6 5 5  FINE-GRAINED OLIVINE-NORMATIVE ST . 9A 0 . 4 0 g 
MARE BASALT ( ? )  

INTRODUCTION : 1 5 6 5 5  i s  a fine-gra ined , pal e-col ored , non
ves icular fragment ( Fig . 1 ) . Small yel low-green ol ivines are 
visible and the sample is probably an Apol l o  15 ol ivine-normative 
mare basalt . It was col lected as part of the rake sample at 
Stat ion 9A . It has never been subdivided or allocated . 

Figure 1 .  Sampl e  1 5 6 5 5 . S-71-4 9 7 4 6  

1 1 2 8  
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15656  FINE-GRAINED OLIVINE-NORMATIVE ST . 9A 0 . 2 0 g 
MARE BASALT ( ? )  

INTRODUCTION : 15656 i s  a fine-grained , pale-colored , non
ves icular fragment ( Fig . 1 ) . Small yellow-green olivines are 
visible and the sample is probably an Apollo 15 ol ivine-normative 
mare basalt . It was col lected as part of the rake sample at 
Station 9A . It has never been subdivided or allocated . 

Figure l ·  Sample 15656 . S-7 1-4 9 7 3 6  

1 1 2 9  
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15 65B MEDIUM-GRAINED OLIVINE-NORMATIVE ST . 9A 1 1 . 6 0  g 
MARE BASALT 

INTRODUCTION : 15658  i s  an ol ivine-bearing , medium-grained , 
ves icular and vuggy mare basalt ( Fig . 1 ) . In chemistry , it i s  an 
average member o f  the Apollo 15 ol ivine-normative mare basalt 
group . The sample is rounded and one s ide has a moderate dens ity 
o f  zap pits . It appears that the sample occupied only one 
pos ition on the lunar surface . One s ide is a fresh fracture 
surface . 15658  was collected as part of  the rake sample at 
Stat ion 9A . 

PETROLOGY : 15658 is a medium-grained , ol ivine-bearing basalt 
( Fig . 2 ) . Pigeonites range from 1 to 2 mm long and are twinned 
and z oned . Most plagioclases form stubby crystals up to about 1 
mm , some o f  which are hollow . Some radial growth of  plagioclase 
and pyroxene is present . Ol ivine forms scattered anhedral 
phenocrysts , and smaller grains are present , many as inclus ions 
in p igeonite . cristobal ite , fayal ite , and a range of opaque 
phases including chromite , ulvospinel , and ilmenite are present . 

CHEMISTRY : Bulk chemical analyses ( Table 1 )  are consistent with 
each other and demonstrate that 15658 is a fairly average member 
o f  the Apollo 15 ol ivine-normative mare basalt group . It has a 
typical rare earth pattern ( Fig . 3 ) . The cons istency is perhaps 
surpris ing cons idering the grain-size and the small sample size 
( 6 0  mg) used by Helmke et al . ( 197 3 ) . Chappell et al . ( 1 9 7 3 )  on 
the bas i s  o f  the s imilar chemistry suggested that 15658 , 15668 , 
and 1 5 6 7 4  were chips of  the same original rock , and for purposes 
of discuss ion averaged their analyses . However , both 1 5 6 6 8  and 
15 674  are much finer-grained than 1565 8 . 

PHYS ICAL PROPERTIES : Gose et al . (197 2 )  and Pearce et al . ( 19 7 3 )  
measured a natural magnetic intensity ( NRM) o f  0 . 7  x l0-6 emujg 
for the bulk sample . This is on the low end o f  the range for 
Apol lo 15 mare basalts and more l ike anorthos ite 154 15 . 

PROCESS ING AND SUBDIVISIONS : Chipping produced , 1  ( two chip s )  
and , 2  ( one chip ) . , 2  was used t o  make thin sections , 2  and , 1 0 .  
One o f  the chips of  , 1  was split to make , 3  and , 4 ,  used for 
chemical analyses . , 0  is now 6 . 5 1 g .  

Figure 1 .  Pre-chip view o f  15658 . S-71-4 9 5 3 2  

1 1 3 0  
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Fig.  2 a  

Fig . 2 b  

Figure 2 .  Photomicrographs of 15658 , 2 .  Widths about 3 mm . a)  
transmitted l ight ; b )  crossed polari zers . 

1 1 3 1  



1 5 6 5 8  

TABLE 15658-l .  Bulk rock Chemlcal 
analyses 

, 3 , 4  
wt% Si02 45.09 46:5 

Ti02 2. 50 2.69 
Al203 9.02 9. 11 
FeO 22. 59 22. 5 
/oi;JO 9.73 10.0 
c:ao 10.11 10.0 
Na20 0 . 28 0. 257 
KXl 0.04 0 . 049 
P205 0.07 

lwn) ·-- Sc 47. 1 
v 

Cr 3630 
Mn 2405 2150 
Oo 50 
Ni 
m:> 
Sr 
y 
Zr 
Nb 
Hf 2 . 0  Ba 'lh u fu La 4 . 5  
Ce 14.0 
Pr 
Nd 9 . 9  an 3 . 09 
E..! 0.81 Gd Tb 0.77 
I>;{ . 1  
fb 
Er 3.0 
'lin 
Yb 2. 24 
Lu 0 . 30 
Li 
Be 
B 
c 
N 
s 500 
F 
C1 
Br 
OJ 
Zn 

(ppb) I 
At 
Ga 
Ge 
As 
Se 
.., 
Tc � 
Rh 

R:l 
1"3 
Cd 
In 

sn 
Sb 
Te 
Cs 
Ta 
w 

Re 
Os 
lr 
Pt -----
1\U 
Hg References and rnethcx:ls: 
1'1 
Bi ( 1 )  Q1appell and Green ( 1973) ;  XRF -----------·· (l) \21- (2) He!ml<e et al. ( 1973) ; INAA, AAS 
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F igure 3 .  Rare earths in 1 5 6 5 8 .  

1 1 3 3  

1 5 6 5 8  

� - -, 



1 5 6 5 9  

15659  MEDIUM-GRAINED OLIVINE-NORMATIVE ST . 9A 12 . 6 0 g 
MARE BASALT 

INTRODUCTION : 15659  is  a medium-grained , ol ivine-bearing , 
vesicular and vuggy mare basalt ( Fig.  1 ) . Small yellow-green 
ol ivines are visible macroscopically but are neither conspicuous 
nor phenocrystic . In chemistry , the sample is a magnesian member 
of the Apollo 15  ol ivine-normative mare basalt group . The sample 
has no zap pits but one surface is somewhat rounded ,  indicating 
possible exposure at some time . 15659  was collected as part of 
the rake sample at Station 9A . 

Figure 1 .  Pre-saw view of 15659 . S-7 1-4 9 7 5 6  

1 1 34 
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PETROLOGY : 15659 i s  a vesicular , medium- to fine-grained , 
ol ivine-bearing mare basalt ( Fig . 2 ) . The pyroxenes are 
general ly less than 1 mm long ; they commonly enclose small 
olivines . Plagioclases tend to be lathy and interstitial . The 
small thin section lacks large olivines ( all are less than half
millimeter ) . Opaques include chromite , ulvospinel , and ilmenite . 
The res idue occurs in local pockets and consists of glass , 
cristobalite , fayal ite , troil ite , ulvospinel , and ilmenite . 
Steele et al . ( 19 7 2 a )  plotted plagioclase composit ional data : 
An93_90 with Fe of 0 .  4 to 0 .  65  wt% , s imilar to Apollo 12 and 
other Apollo 15 mare basalts . 

Figure 2 .  

Fig. 2 a  

Fig.  2 b  

Photomicrographs of 15659 , 1 0 .  Widths about 2 mm . 
transmitted l ight ; b )  crossed polari zers . 

1 1 3 5  
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CHEMISTRY : Bulk rock analyses are shown in Table 1 and the rare 
earths are plotted in Figure 3 .  The chemistry is that of a 
fairly magnes ian member of the Apollo 15  ol ivine-normative mare 
basalt group ( e . g . , Laul et al . ,  1 9 7 2 a ) . The La abundance of 
Christian et al . ( 19 7 2 ) and Cuttitta et al . . ( 19 7 3 )  appears to be 
high and grossly unrel iable ,  the Zr  of Lau.l and Schmitt ( 19 7 3 )  
too high , and the C a  of  Husain ( 19 7 4 )  too low ,  even allowing for 
sampl ing errors . Cu was reported erroneously ( as 0 . 3 2 ppm) in 
cuttitta et al . ( 19 7 3 ) . 

s 

m !00-l 
i I 
I 1 

�--- � 
r 10� 

-

�-----··----+-
1 � 

* ,5 . Laul and Schmitt ( 1 973 ) ;  I NAA 

* Gd value calculated. 
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Figure 3 .  Rare earthA i n  156 59 . 
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'rABLE 15659-1. &Ilk rock chwtical analyses 

, 4  , 5  • 3 
Wt _% __ _ Si02 45. 33 

Ti02 2. 25 2 . 4  
Al203 8. 17 8.o 
FeO 22. 17 22.0 
M30 12. 27 l3 
CaO 8.98 9 . 1  7. 1 
Na20 0.27 0.232 
K20 0.06 0.042 0. 038 
P205 0. 12 

lppnJ Sc 3 3 
v 215 260 
Cr 3425 5820 
1-h 2015 2170 
Co 66 55 
Ni 87 
Ro l . O  
Sr 130 
y 25 Zr 67 200 
li:> <10 
Hf 2. 5 
Ba 62 <120 
'lh 
u 
Fb 
la 38 4. 8 
Ce 

Pr 

N:l 

an 3. 3 
Eil 0.79 
Q:l 
'lb 0. 50 
Pi 
lb .  
Er 
'lhl 
Yb 3 . 7  2 . 1  
lJ.l 0. 30 Li 5.4 
Be 
B 
c 
N 
s 
F 
Cl 
Br 
0.1 32 
Zn 

(p[L)- I 
At 
Ga 3800 
Ge 
As 
Se 
r-b 
Tc 
Ru 
Rh 
N 
"'" 
O:l 
In 
Sn 
Sb 
Te 
Cs 
Ta 400 
w 
..,--
Os 
lr 
pt 
hl 
Hg 
Tl 
Bi 

--nT 

1 5 6 5 9  

References and methods : 

( l )  Christian et al. {1972) , Cuttitta �· 
( 1973 ) :  XRF, chanical, optical aniss . spec . 

(2)  Laul an:l. Schnitt (1973) ' INAA 
( 3 )  !fusain ( 1974) ' Ar isotopes, irradiation 
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RADIOGENIC ISOTOPES AND GEOCHRONOLOGY : Husain ( 1 9 7 4 ) reported Ar 
i sotopic data for temperature releases and found a 40Ar-39Ar high 
temperature ( 8 5 0° to 1 4 0 0°C releases ) plateau age of 3 . 3 4 ± 0 . 0 4 
b . y .  ( F i g .  4 ) , ident ical with the crysta l l i z ation age o f  other 
Apollo 1 5  mare basalts . 

RARE GASES AND EXPOSURE : Husain reported Ar isotopic data and an 
exposure age of 3 9 4  ± 2 0  m . y .  

PROCESSING AND SUBDIVISIONS : 1 5 6 5 9  was sawn to produce a slab 
( , 2 ) , and a tiny end ( , 1 ) , leaving , o  as 9 . 8 1 g .  , 1  was used to 
make thin section , 1 0 .  , 2  was subdivided and partly used for the 
chemical and isotopic analyses ( , 3  to , 5 ) . 

>. • 
Q 
� 
.. 00 ct 

3.4 -

3.2 -

3.0 -

2.6 0.0 
Z.o5t0.03 7l!O • 

0.2 

I I � 
�w 1 1 00"  

Aile ·  3.34 � o.o4 x to• y 
15659, 3  

• I I I 
0.4 0.6 0.8 

ClNULATIVE FRACTIONS OF 10Ar • 

1400" 

' 

Figure 4 .  Ar plateau age for 1 5 6 5 9  ( Hasain ; 1 9 7 4 ) . 
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1 5 6 60 

1 5 6 6 0  MEDIUM-GRAINED OLIVINE-NORMATIVE ST . 9A 8 . 9 0 g 
MARE BASALT ( ? )  

INTRODUCTION : 1 5 6 6 0  is a vuggy , medium-gra ined , mare basalt 
( Fig . 1 ) . It is macroscopically s imilar to 1 5 6 5 8  and 15659  but 
not so ves icular,  with z oned green to red-brown pyroxenes and 
small olivines visible . The texture appears to be equigranular 
or subophitic . Several faces are rounded and one is pitted and 
rounded . 1 5 6 6 0  was collected as part of the rake sample from 
Station 9A . It has never been subdivided . 

PHYSICAL PROPERTIES : Gose et al . ( 1972 ) and Pearce et al . ( 19 7 3 ) 
measured a natural magnetic intens ity ( NRM) of  2 . 7  x 10-6 emujg 
for the entire sample . This value is typical for Apollo 1 5  mare 
basalts . 

Figure 1 .  Sample 1 5 6 6 0 . S-7 1 - 4 9 5 3 7  

1 1 3 9  
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1 5 6 6 1  FINE-GRAINED OLIVINE-NORMATIVE ST . 9A 5 . 9 0 g 
MARE BASALT 

INTRODUCTION : 1 5 6 6 1  is a fine- to medium-grained ol ivine-bearing 
mare basalt which is ves icular and vuggy ( Fig . 1 ) . Small 
ol ivines are visible macroscopically . In  chemistry , the sample 
is an average member of the Apollo 15 ol ivine-normative mare 
basalt group . The sample is rather rounded . 1 5 6 6 1  was collected 
as part of the rake sample from Station 9A . 

PETROLOGY : 1 5 6 6 1  is a fine- to medium-grained microgabbroic mare 
basalt ( Fig . 2 )  with about 60%  pyroxene . Rare o l ivine pheno
crysts reach about 1 . 5  mm , are anhedral ,  and contain crystal l ized 
sil icate melt inclusions . Most pyroxenes , plagioclases , and 
ol ivines are less than 0 . 5  mm across .  The pyroxenes and olivines 
tend to be granular and the plagioclases to be hol low laths which 
are not euhedral .  A few variol itic areas are present . Chromite 
forms cores to some ulvospinel . Cristobal ite , ( s ieved) fayal ite , 
ilmenite , sulf ide , and some glass are present . Steele et al . 
( 19 7 2 a )  showed Ti/Al ratios for pyroxenes ranging from 1/ 2 to 
1/4 . They also reported plagioclases of An92_87 ,  containing 0 .  5 
to 0 . 65 %  Fe , s imilar to Apollo 12 and other Apol lo 15 mare basalt 
plagioclases . 

CHEMISTRY : Ma et al . ( 19 7 8 ) reported a bulk rock analys is ( Table 
1 ;  F ig 3 )  . The composition is rather ave,rage for Apollo 1 5  
olivine-normative mare basalts . The MgO is an imprecisely 
determined abundance .  

PROCESSING AND SUBDIVISIONS : 1 5 6 6 1  was sawn to produce p ieces , 1  
( several small p iece s )  and , 2  ( one piece) from its '' S "  end . , 2  
was partly used to make thin sections , 6  to , 8 .  In  1977 , the 
north end was chipped to produce interio:r· , and saw-blade free , 
p ieces ( , 9 ;  , 1 0 ) . , 10 was used for chemical and petrographic 
studie s ,  including the making of thin section , 13 .  , o  i s  now 
3 . 2 1 g .  

Figure 1 .  Pre-saw view of 1 5 6 61 . S-7 1- 4 9 5 3 0  

1 1 40 



1 5 6 6 1  

Fig.  2 b  

Figure 2 .  Photomicrographs of 1 5 6 6 1 , 7 .  Widths about 3 mm . a )  
transmitted light ; b )  crossed po1ariz ers . 

1 1 4 1  



1 5 66 1 

TABLE 15661-1. Bulk rock 
ch�cal analysis 

Wt %  

"(ppn) 

, 10 
s�oz 
Ti02 1 . 9  
Al::03 a. 1 FeO 21 . 9  
!:112._ 12 
eao ---.,a=;. 6;-
Na::O o. 250 
K20 0.036 
P::05 
Sc 
v 
Cr 
1-h Cb Ni Rb sr 
Zr 
Nb 

35 
186 

4470 
1990 

51 
SO( a )  

Hf 2 . 5  
Ba 70(b) 'lh 
u fb La 5. 1 
Ce 
Pr 
t<j 
Sn 3. 3 
Eu 0- 78 
Ql 
'lb 
Dy 1-b Er 1ln 
Yb 
ill 
Li 
Be 
B 
c 
N 
s 
F 
Cl 
Br 
a.. 
Zn 
I 
At 
Ga 
Ge 
As 
Se 
M:> 
Tc 

Cd 
In 
Sn 
Sb 
Te 
Cs 
Ta 
w 
Re 
Os 
Ir 
pt 
l>ll 
H3 
Tl 
Bi 

0. 7 
4 . 3  

2.0 
0- 25 

410 

(l) 

a 

m 

c 
h 

I 
I 

�t--, 
La Ce 

* • 1 0  · Ma et a l .  ( 1 978); I NAA 
* Gd val ue calculated. 

---, -.----,---.,-- 1 ---r-,-·- ·l · 1 - -- -,- ··l ·-
� � � � � Th � � � Tm 

Rare Earth Element 

LEGEND: SPECIFIC � . 10 

Figure 3 .  Rare earths in 1 5 6 6 1 .  

References and metho:is: 

( 1 )  M'i et aL ( 1978 ) ;  INl\A 

Notes: 

(a) +25 ppn (b) �0 ppn 
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1 5 6 6 2  MEDIUM-GRAINED OLIVINE-NORMATIVE ST . 9A 4 . 9 0 g 
MARE BASALT 

INTRODUCTION : 1 5 6 6 2  is a medium-grained , ol ivine-bearing mare 
basalt which is vuggy and vesicular ( Fig . l ) . Pyroxenes are 
conspicuous macroscopically but ol ivine is not . In chemistry , 
the sample is a fairly average member of the Apol lo 15 ol ivine
normative mare basalt group . 15662  was collected as part of the 
rake sample from Station 9A . 

PETROLOGY : 15662  i s  an ol ivine microgabbro ( Fig . 2 ;  Ma et al . ,  
197 8 ) , cons isting dominantly of pyroxene (p igeonite cores , augite 
rims ) , plagioclase , and a few per cent olivines . Its texture is 
s imilar to many other medium-grained Apollo 15 ol ivine-normative 
mare basalts . 

CHEMISTRY : Ma et al . ( 19 7 8 ) reported a bulk rock chemical 
analys is (Table 1 ,  Fig . 3 ) . The sample is a fairly average 
member of the Apollo 1 5  ol ivine-normative mare basalt group . 

PHYSICAL PROPERTIES : Hargraves and Dorety ( 19 7 2 ) reported 
measurements of natural magnetic intensity (NRM) and saturated 
IRM (H = 8 kiloauss)  and their variation with AF-demagnet ization 
( Fig . 4 ) , for a small chip . The intensities are higher than for 
15555 , a coarser-grained rock of the same basalt chemical group . 

PROCESS ING AND SUBDIVISIONS : Chipping produced a s ingl e piece 
( , 2 )  and two pieces ( , 1 ) . , 2  was used for the magnetic study and 
mainly returned . , 1 was1 further chipped in 1 9 7 6  to produce , 4 
which was used for chemical studies and to produce the thin 
section , 7 .  , o  is now 3 . 2 9 g .  

Figure l .  Pre-chip view of 1 5 6 6 2 . S-71- 4 9 7 3 3  

1 1 43 



1 5 662 

Figure 2 .  Photomicrographs of 1 5 6 6 2 , 7 .  Widths about 3 mm . a )  
transmitted l ight ; b )  crossed polarizers . 

1 1 44 



TABLE 15662-1. B.llk rock chemical analysis 

Ul.l.IL. 
Ti02 
A1Xl3 
FeO 
MJO 
cao 
NaXl 
K20 
PXl5 
Sc 
v 
Cr 
!otl 
Co 
Ni 
Rb 
Sr 
y 
Zr 
Nb 
H£ 
Ba 
Th 

u 
Ib 
Ia 
Ce 
Pr 
w 

Di 
lb 
Er 
'Iln 
Yb 
w 
Li 
Be 
B 
c 
N 
s 
F 
Cl 
Br 

OJ 

Zn 
I 

At 

Go 

Ge 

As 
Se 
M::> 
Tc 
Ru 
I1h 
1-tl 

()j 
In 
Sn 
So 
Te 
Cs 
Ta 
w 
Fe 
Os 
Ir 
Pt Au 
Hg T1 
Bi 

, 4 

2 . 3  
9. 5 

22. 5 
10 

9 . 4  
0. 271 
0.040 

41 
237 

4430 
2115 

52 
75(a) 

2. 5 
65(b) 

5 . 0  

3 . 4  
0.82 

0.7 
3 . 8  

2 . 1  
0.27 

600 

l 

1 5 6 6 2  

,.,� 

I 
I ' 

100� 

I 
It-!Oi 
I 
I I 
I I 
I * ,4 . Ma et a l .  ( 1 978) ;  I NAA 

' ' I * Gd value calculated. lh -.----,----,----. r-T-- -,- -,-,-------r 
l o Ce Pr Nd 

Figure 3 .  

Feferences arrl methcxis: 

(1)  M> et �· ( 1978) ; INAA 

thtes: 

(a) + 30 ppn 
(b) � 35 ppn 

1 1 4 5  
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E "' 
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Figure 4 .  Demagnet ization results of 1 5 6 6 2  and two other mare 
basalts ( 1 5 5 5 5 , coarse olivine--normative ; 1 5 5 9 7 ,  
pyroxene vitrophyre ) .  NRM = sol id line curve . 
Saturated IRM = broken l ine . (Hargraves and Dorety , 
197 2 ) . 
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1 5  § 6 3 _ _  ___;:M�E'-!,D"-'I�U"-!M�-_:G""R�A�I�N.==E,.;,D�O'-=L�I'--'V'--'I"-'N�E"'--:._:NO!:O�RMA��T-=I�V-=E,__ ___ ,S,e_T�. --'"-9.o:;A ___ _o!l�Oc_,.'--'3'-'0�g 
MARE BASALT 

INTRODUCTION : 1 5 6 6 3  is a medium-gra ined , ol ivine-bearing mare 
basalt which i s  vuggy and ves icular ( Fig . 1 ) . Pyroxenes are 
conspicuous and olivines are visible macroscopically . In 
chemistry , it i s  an average member o f  the Apollo 15 ol ivine
normative mare basalt group . It is rounded and has several 
( apparent ) zap p its visible to the naked eye . All s ides except 
for a few smal l  fresh patches appear to be p itted . 1 5 6 6 3  was 
col lected as part of the rake sample from Station 9A . 

PETROLOGY : 1 5 6 6 3  is a medium-grained , ol ivine-bearing mare 
basalt ( Fig . 2 ) . Most olivines are less than 1 mm across ;  the 
larger ones contain crystallized sil icate melt inclusions . 
Pyroxenes are up to about 1 . 5  mm and somewhat elongated ; they are 
p igeonites zoned to augite . The plagioclases are irregular 
laths , generally less than 1 mm long and s ome are hollow . A few 
poikil itically enclose small pyroxenes . Chromite , ulvospine l ,  
ilmenite , fayal ite , sulfide , and cristobal ite are present ; 
cristobal ite i s  locally conspicuous . Dowty et al . ( 19 7 3 a ,  b )  
reported a mode of  5 8 %  pyroxene , 2 7 %  plagioclase , 8 %  olivine , 6 %  
opaques , 1 %  s il ica ( cristobalite ) ; n o  miscellaneous fraction was 
reported . Dowty et al . ( l9 7 3 c )  reported microprobe analyses of  
pyroxenes , plagioclases , and ol ivine s ,  and Nehru et al . ( 19 7 3 )  
reported one ilmenite analys is and several spinel group mineral 
analyses . The opaque phases were included in the general 
discuss ion of Nehru et al . ( 19 7 4 ) without specific additional 
data or comment . Ilmenites contain 0 . 2 7 %  MgO . The limited 
mineral data ( Fig . 3 )  are s imilar to those of other ol ivine
normative mare basalts . 

CHEMISTRY : Helmke et al . ( 19 7 3 )  reported a bulk rock analys is 
( Table 1 ,  Fig . 4 ) . ( Their trace element data was tabulated 
erroneously as 1 5 5 6 3 , 2 . )  The analysis shows 1 5 6 6 3  to be a fairly 
average Apol lo 15 ol ivine-normative mare basalt . Dowty et al . 
( 19 7 3 a ,  b )  reported two separate defocussed beam bulk analyses . 
That of  Dowty et al . ( 19 7 3 a )  is fa irly cons istent with the Helmke 
et al . ( 19 7 3 ) analys is except for the higher Ti02 • 

PROCESSING AND SUBDIVISIONS : 1 5 6 6 3  was sawn to produce an end 
( , 1 )  which was chipped to produce , 1  through , 4 .  , 2  was used for 
chemical analys is and , 4  was mainly used to produce thin sections 
, 10 through , 13 .  , 0  is now 6 . 9 5 g .  

1 1 4 7  



1 56 6 3  

Figure 1 .  Pre-saw view of 15663 . s - 7 1 - 4 9 7 1 7  

Fig. 2a 

Fig. 2b 

Figure 2 .  Photomicrographs of 15663 , 1 1 .  Widths about 3 mm . a )  
transmitted l ight ; b )  crossed polari zers . 
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15663 
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Figure 3 .  Chemistry of minerals in 1 5 6 6 3  ( Dowty e t  al . ,  1 9 7 3 b ) . 

1 1 4 9  



1 5 6 6 3  

TABLE 15663-l. 9.J1k rcx:k 
chemical analysis 

Wt %  

(ppn) 

5102 
Ti02 
AlX>3 
FeO 
M;jO 
CaO 
NaX> 
K20 
P205 
Sc 
v 
Cr 
M1 
Co 
Ni 
R:> 

• 2 
46. 5 
2 . 39 
8.73 
21.8 
10.4 
10. 6 

o. 261 
0.046 

47 

3930 

2150 
56 

0. 5 
Sro._.. ____ _ 
y 
Zr 
Nb 
Hf 
Ba 
Th 
u 

La 
Ce 
Pr 
w 
Sn 
fu 
m 
'lb 
Df 
lb 
Er 
'lln 
Yb 
Lu 
Li 
Be 
B 
c 
N 
s 
F 
C1 
Br 
cu 
Zn 
I 
At 
Ga 
Ge 
As 
Se 
l'b 
Tc 

Ql. 
In 
Sn 
Sb 
Te 
Cs 
Ta 
w 
Re 
Os 
lr 
pt 
Au 
H:J 
T1 Bi 

2 . 5  

4.93 
13.4 

10.8 
3 .54 
0.88 

4. 6  
0.81 

5 . 7  
1 . 04 

3 

2 . 26 
0. 328 

<3 

2900 

l7 

(l) 

10001 
i I 
' i 
I 
I 
I 

m 
I 

lOOj 

n 

d 

, 2  · Helmke e t  a l .  ( 1973 ) ;  J NAA , RNAA 

1h- -,--y--,----T-T ___ r _ _  I -r - T  -� - -, - - 1 -� 
La Ce Pr Nd 

Figure 4 .  

-�ferences and rnetho:is : 

( 1 )  HelmY.e et al . ( 1973 ) ;  
INAA, RNAA, AA.S 
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TABLE 1 5 6 6 3 - 2 . Defocussed beam micro
probe bulk rock analyses 

Wt % 

ppm 

S i02 
Ti02 
Al 203 
FeO 
MgO 
CaO 
Na20 
K20 
P205 
Cr 
Mn 

4 2 . 3  
2 . 6 6 

7 . 7  
2 2 . 5  
13 . 0  
1 0 . 2  
0 . 4 9 
0 . 05 
0 . 0 6 
4 04 0  
1 9 4 0  

10 0 . 0  
( 1 )  

4 4 . 5  
2 . 8 9 

8 . 4  
2 2 . 2  
10 . 3  
1 0 . 1  
0 . 3 7 
0 . 0 8 
0 . 0 7 
4 0 4 0  
2 0 15 

9 9 . 0 6 
( 2 )  

( 1 )  Dowty et al . ( 19 7 3 b ) , normalized to 
1 0 0 %  

( 2 )  Dowty e t  al . ( 19 7 3 a )  

1 1 5 1  

1 5 6 6 3  
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15664  MEDIUM-GRAINED OLIVINE-NORMATIVE S T .  9A 7 . 4 0 g 
MARE BASALT 

INTRODUCTION : 1 5 6 6 4  is a medium-gra ined , ol ivine-bearing mare 
basalt which i s  vuggy and somewhat ves icular ( Fi g .  1 ) . Pyroxene 
and small olivines are visible macroscopically . In chemistry , 
the sample is a magnes ian Apol lo 1 5  olivine-normative mare 
basalt . 1 5 6 6 4  was coll ected as part of the rake sample from 
Station 9A . 

PETROLOGY : 1 5 6 6 4  is a medium-grained , ol ivine-bearing mare 
basalt ( Fig . 2 ) . Pyroxene , the dominant phase , occurs in grains 
up to 2 rom long , and some are twinned . Plagioclases are lathy to 
irregular poikil itic , most less than 1 rom long , and nearly all 
the olivines are less than 1 rom anhedral crystal s .  Several 
contain crystal l i z ed silicate melt inclus ions . 

CHEMISTRY : Ma et al . ( 1 9 7 8 ) reported a bulk rock chemical 
analysis ( Table 1 ,  F i g .  3 ) . The analys is i s  of an Apollo 1 5  
olivine-normative mare basalt . The high MgO ( imprecisely 
determined ) ,  low Ti , and sl ightly low rare earths suggest that 
the sample is a less-evolved member than most . 

PHYS ICAL PROPERTIES : 1 5 6 6 4  was erroneous ly listed ( instead of 
15 6 3 4 )  in a table of natural remanent magnetic intens ity by 
Pearce et al . ( 1 9 7 3 ) . No magnetic data exist for 1 5 6 6 4 . 

PROCESS ING AND SUBDIVI SIONS : The "N-T" end was chipped off to 
give several small chips ( , 1 ) and a s ingle chip ( , 2 ) . The latter 
was mainly consumed in producing thin sections , 4  and , 6 .  I n  
19 7 6 ,  , 1  was rechipped to give , 1 0 ,  used for chemistry and to 
produce thin section , 13 .  , o  i s  now 5 . 9 7 g .  

Figure 1 .  Pre-chip view of 1 5 6 6 4 . S - 7 1 - 4 9 5 4 2  

1 1 5 2 
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Fig. 2 a  

Fig. 2b 

Figure 2 .  Photomicrographs of 1 5 6 6 4 , 4 .  Widths about 2 mm . a )  
transmitted l ight ; b )  crossed polarizers . 
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TABLE 15664-1. B.l1k rock 
chanical analysis 

Wt %  
, 10 

Sl.02 
Ti02 2 . 1  
Al203 e. s 
FeO 22. 6  
� -------,=-:13

;--cao 9.2 
Na20 0. 238 
K20 0.040 
P205 
Sc 
v 
Cr 
ron 
Cb 
Ni 

Rb 
Sr 
y 

Zr 

Nb 
Hf 
Ba 
'lh 

u 

Pb 

Ia 
Ce 
Pr 
l'tl 

S\1 Ell Qj 'lb 

Yb 
I.u 
Li 
Be 
B 
c 
N 
s 
F 
C1 
Br 
0.l 
Zn 
I 
At 
Ga 
Ge 
1\s 
Se 
Mo 
Tc 

Cd 
In 
Sn 
Sb 
Te 
Cs 
Ta 
w 
Fe 
Os 
Ir 
Pt ""' 
Hg 
Tl 
Bi 

38 
204 

4340 
2140 

54 
55(a) 

2. 5 

4. 5 

3 . 3  o. 76 

0.7 
4. 0 

2.0  
0. 30 

400 

100-

I 
I 

* I 1 0  · M a  e t  a l .  ( 1 978) ;  INAA 
* Gd valuE! calculated. 
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Figure 3 .  Rare earths in 1 5 6 6 4 .  
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1 5 6 6 5  FINE-GRAINED OLIVINE-NORMATIVE ST . 9A 1 0 . 2 0 g 
MARE BASALT 

INTRODUCTION : 1 5 6 6 5  is a fine-grained , olivine-porphyritic mare 
basalt which is vesicular ( Fig . 1 ) . The olivines are small but 
visible macroscopical ly . In  chemistry , the sample is an average 
Apollo 15 olivine-normative mare basalt . Ves icles total about 
15% of the sample ; crystals do not proj ect into them . A few vugs 
do have proj ecting crystals .  Most surfaces have no zap pits but 
a few are present . 1 5 6 6 5  was collected as part of the rake 
sample from Station 9A.  

PETROLOGY : 15665  is a fine-grained,  vesicular basalt which is  
ol ivine phyric ( Fig . 2 ) . The texture , grain size , mode , and 
mineral chemistry are very s imilar to 15669 . The oliv ines are up 
to about 1 mm in maximum dimension and show intense resorption 
and corros ion . The groundmass cons ists of smal l ,  granular 
pyroxenes and small plagioclase laths which are less than 0 . 5  mm 
long . Many chromites occur , some up to a few hundred microns 
across and euhedral ,  and sharp boundaries to thin rims of 
ulvospinel are common . Res idues are very fine-gra ined and 
cristobal ite appears to be rare . Dowty et al . ( 19 7 3b )  noted that 
most of the ilmenite is platy and skeletal . Dowty et al . ( 19 7 3 a ,  
b )  reported a mode o f  5 6 %  pyroxene , 2 5 %  plagioclase , 8 %  ol ivine , 
8 %  opaque mineral s ,  3 %  miscellaneous , and no s i l ica . Dowty et 
al . ( 19 7 3 c )  tabulated microprobe analyses of pyroxenes , ol ivines , 
plagioclases , and metal grains � and Nehru et al . ( 197 3 )  tabulated 
microprobe analyses of spinel group minerals and i lmen ites . 
Nehru et al . ( 19 7 4 )  remarked on the sharp chromite-ulvospinel 
boundaries . The metal grains contain 1 . 4  to 1 . 7 % Co and 4 . 0  to 
5 . 9 % Ni ; residual glass contains 2 %  K20 and 6 0 %  S i02 ; and 
i lmenite contains 0 . 16% to 0 . 8 8 %  MgO . The mineral chemistry 
( Fig . 3 )  is typical of Apollo 15  ol ivine-normative mare basalts 
except that the rapid cool ing has prevented the crystalli zation 
of fayalite . 

CHEMISTRY : Helmke et al . ( 19 7 3 )  reported a bulk rock chemical 
analysis ( Table 1 ,  Fig .  4 ) . The analysis shows 1 5 6 6 5  to be an 
average member of the Apollo 15  ol ivine-normative mare basalt 
group . The defocussed beam microprobe bulk analys is of Dowty et 
al . ( 19 7 3 a , b )  is low in MgO and is ( abnormally) only sl ightly 
ol ivine-normative ; probably the sporadic distribution of olivine 
phenocrysts has led to their under representation in the micro
probe analys is . 

PROCESSING AND SUBDIVISIONS : A large chip ( , 1 ) was removed and 
subdivided into , 1  through , 4 . , 2  was largely used to make thin 
sections , 13 and , 14 ,  and , 3  was used for chemistry . In 19 7 5 ,  , o  
was rechipped to produce , 6 , which was partly used to make thin 
sections , B  and , 12 .  , o  is now 7 . 8 4 g .  
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Figure 1 .  Pre- chip view of 1 5 6 6 5 . S - 7 1 - 4 9 7 4 0  

Fig. 2 a  Fig. 2 b  

Figure 2 .  Photomicrographs of 1 5 6 6 5 , 8 .  Widths about 3 rom . a )  
transmitted l ight ; b )  crossed polariz ers . 
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TABLE 15665-l . Silk rocl< 
chani.cal analysis 

, 3 
�- S>02 44.4 

Ti02 2.64 
Al203 8.25 
FeO 23. 4  
�0 10.3 
cao 9.42 
Na20 0. 298 
1<2:) 0.046 
P205 

(fF!l) Sc 43. 2 
v 
Cr 3950 
!>h 2210 
en 54 
Ni 
R> 1 . 1  
Sr 
y 
Zr 
Nb 
Hf 2 . 2  
Ba 
lli 

u 
Eb 
Ia 4.87 

ce 12.6 
Pr 
N:l 10.2 
Sn 3 . 39 
Ell 0.84 
G:l 4. 7 
'!b 0.75 
Dy 5 . 5  
lb 1 . 0  
Er 3 . 1  
'J)n 
Yb 2 . 23 
Lu 0. 309 
Li 
Be 

B 
c 

N 

s 
F' 
Cl 

Br 
0.1 
Zn <2 . 5  

(ppb) I 
At 
Ga 3100 
Ge 
1\s Se t-D 'l'c Ru Rh 
re 
Pq Cd In Sn Sb 
Te 
('.s 21 
'!'a 
w 
Re 
Os 
Ir 
pt 

Au lkj Tl 
Bi 

References and methcrls: 
( l )  Helmke et al. ( 1 973 ) ·  

INAA, RNAA, N>S 
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Figure 4 .  Rare earths in 1 5 6 6 5 .  

TABLE 1 5 6 6 5 -2 . Defocussed beam 
microprobe bulk analys is ( Dowty 
et al . ,  1 9 7 3 a ,  b )  

wt % s io2 
Ti02 
Al203 
FeO 
MgO 
CaO 
Na20 
K20 
P205 

ppm Cr 
Mn 

1 1 5 9 

4 6 . 7  
2 . 9 4 
1 0 . 2  
2 1 . 7  

7 . 7  
10 . 6  
0 . 3 9 
0 . 0 6 
0 . 0 9 
4 4 5 0 
2 17 0  
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1 5 6 6 6  PORPHYRITIC VARIOLITIC QUARTZ-NORMATIVE ST . 9A 3 . 9 0  g 
MARE BASALT 

INTRODUCTION : 1 5 6 6 6  is a pyroxene-phyric basalt with a 
variol itic groundmass and is vuggy ( Fig . 1 ) . The large ( 2  to 5 
mm) zoned green to brown pyroxenes are conspicuous macro
scopically . In chemistry , the sample is an average member of the 
Apollo 1 5  quartz-normative basalt group . Crystal s  extend into 
the vugs . The rounded surface appears to be pitted to saturation 
with small recent fractures making local fresh areas . 1 5 6 6 6  was 
collected as part of the rake sample for Station 9A . 

F igure 1 .  Pre-chip view of 156 6 6 .  S-71-49757  

PETROLOGY : 1 5 6 6 6  cons ists of pigeonite-augite phenocrysts in a 
variol itic groundmass ( Fig . 2 )  which consists of  pyroxene and 
plagioclase laths , and some glass and opaque minerals .  The 
pyroxenes are up to 5 mm long at l east . Dowty et al . ( 19 7 3 b )  
reported a mode of 4 0 %  pyroxene phenocrysts , plus 2 %  ol ivine , 5%  
opaques ,  and 5 3 %  matrix . The ol ivine consists of highly skeletal 
phenocrysts which are the same size  as the pyroxene phenocrysts 
( Dowty et al . ,  1 9 7 3 a ) . Dowty et al . ( 19 7 4 )  found the pyroxenes 
too long to measure in the small thin sections ; the widths 
averaged about 0 . 5 5 mm . Groundmass grains are 0 . 1  to 0 . 2  x 0 . 0 0 5  
t o  0 . 0 1 0  mm . Zoning trends are s imilar to those i n  1 5 12 5 ,  with a 
conspicuous break from pigeonite to augite . Al and Ti increase 
up to the edge of the phenocrysts , whereas Cr decreases . Dowty 
et al . ( 19 7 4 )  also reported cell parameters derived from x-ray 
di ffraction , and reported tl B  of 1 . 7 0 and 1 . 6 1 ,  i . e . , very low ; 
the relationship is  an overgrowth of augite on pigeonite and 
there is  l ittl e  or no exsolution . Thus 1 5 6 6 6  was rapidly cooled . 
Dowty et al . ( 19 7 3 c )  tabulated microprobe analyses of pyroxenes ,  
ol ivines , plagioclases , and metals ;  and Nehru et al . ( 19 7 3 )  
tabulated spinel group mineral and ilmenite analyses . Nehru et 
al . ( 19 7 4 ) noted the restricted range of Fe/ ( Fe+Mg) in chromites 
and their high Al . The chromite-ulvospinel compositional gap is  
very wide in 1 5 6 6 6 . Metal grains generally contain 1 . 4  to 1 . 8 % 
Co and 2 . 9  to 4 . 0% Ni ; one grain contains 6 . 5  to 3 7 %  Ni . 
I lmenite contains 0 . 2 0 to 0 . 5 3 %  MgO . The mineral analyses ( Fig . 
3 )  are generally similar to those from other rapidly-cooled 
Apollo 1 5  quartz-normative mare basalts . 
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Cooling history: Lofgren et al . ( 19 7 4 ) compared the crystal 
morphologies and zoning trends in pyroxene phenocrysts to those 
grown in dynamic crystall i zation experiments ( l inear cool ing 
rates ) on an Apollo 15 quartz -normative mare basalt composition . 
The comparison suggested cool ing rates between 1 . 2°C/hr and 
3 0°C/hr for 1 5 6 6 6 . In a continuation of the same study , Lofgren 
�t al . ( 19 7 5 )  inferred cool ing rates of 2 to 5°C/hr for the 
phenocrysts and 10 to 3 0°C/hr for the matrix.  In a similar but 
more sophisticated study , Grove and Walker ( 19 7 7 )  used the 
pyroxene nucleation density ( 1 . 1/mm2 ) to infer an early cool ing 
rate of 0 . 5°Cjbr ,  pyroxene size to infer a similar intergrated 
cool ing rate , and the plagioclase size to infer a late cool ing 
rate of 3 4 °Cjhr . They concluded that final solidification took 
place 15 em from a conduc·tive boundary . 

Figure 2 .  

Fig. 2 a  Fig. 2 b  

Photomicrographs of 1 5 6 6 6 , 8 .  Widths about 3 mm . 
transmitted light ; b )  crossed polarizers . 
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Figure 3 .  
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1 56 6 6  

CHEMISTRY : A bulk rock chemical analysis by Ma et al . ( 19 7 6 )  
( Table 1 ;  Fig .  4 )  shows that 1 5 6 6 6  i s  a fairly average Apollo 15 
quartz-normative mare basalt , clearly distinguished from the 
olivine-normative group . A defocussed beam microprobe bulk 
analys is ( Table 2 )  has more MgO but is generally consistent . 

PROCESSING AND SUBDIVIS IONS : Chipping produced , 1  ( two pieces) 
and , 2  ( one piece ) . , 2  was used to produce thin sections , 6  and 
, 8 .  In 1 97 5 ,  , 1  was further chipped to provide material for the 
chemical analysis . , o  is now 3 . 0 3 g .  

s 
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Figure 4 .  Rare earths in 15 6 6 6 . 
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TABLE 15666-1.  &11k rock 
chE!Ttical anal ysif: 

, 1  
5102 
Ti02 2. 3 
AlX>3 10.3 
FeO 21. 3 
�0 7.2 
cao 10. 2 
Na20 0. 372 
K20 0.063 
P205 

(Fpn) Sc 42 
v 176 
Cr 3320 
l'h 2055 
Co 37 
Ni 49 
R> Sr y Zr Nb Hf 3 .2  
Ba 40(a) 
1h 
u 
Ib 
Ia 6. 8 
Ce 
Pr 
ru 

an 4. 3 
lli 1. 12 
Cd 
'lb 0.88 
Dy 5 .1  
lb 
Er 
'lln 
Yb 2 .5  
I.u 0.47 
Li 
Be 
B 
c 
N 
s 
F 
Cl 
Br 
Cli 
Zn 

(J:Pb) I 
At 
Ga 
Ge 
As 
Se 
M:J 
Tc 
Ru 
Rh 
Rl 
�---
Cd 
In 
Sn 
Sb 
Te 
Cs 
Ta 410 
w 
Re 
Os 
Ir 
Pt 
Au 
llg 
T1 
Bi 

l 

TABLE 1 5 6 6 6-2 . 

Wt% S i02 
Ti02 
Al�!03 
Fee> 
MgO 
cao 
Na2 0 
K20 
P205 

ppm Cr 
Mn 

References and methcds: 

( l )  Ma et al. ( 1976) ' lNAA 

tbtes: 

(a) .:':: 25 ppn 
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microprobe bulk 
analysis ( Dowty 
et al . ,  19 7 3 a , b) 

4 6 . 9  
1 . 9 7 

9 . 2  
2 1 . 3  

9 . 5  
9 . 7  

0 . 3 7 
0 . 02 
0 . 08 
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1 5 6 6 7  PORPHYRITIC VARIOLITIC QUARTZ -NORMATIVE ST . 9A 1 . 10 g 
MARE BASALT 

INTRODUCTION :  15667  is a pyroxene-phyric basalt with a 
variolitic groundmass and which is not vesicular ( Fig . 1 ) ; it has 
one vug . It is very similar to 1 5 6 6 6 . The large ( 3  to 5 mm) 
zoned green to brown pyroxenes are conspicuous macroscopical ly . 
The texture macroscopically appears (pseudo) ophitic to 
subophitic and is  inequigranular . One surface is a fresh 
fracture ; the others are rounded and p itted . 15667  was col lected 
as part of the rake sample from Station 9A . 

PETROLOGY : 15667  consists of  p igeonite-augite phenocrysts in a 
variolitic groundmass ( Fig . 2 ) . It is very s imilar to 1 5 6 6 6  
although the phenocrysts may b e  a l ittle smaller o n  average . The 
groundmass consists of pyroxene and plagioclase laths , and some 
glass and opaque minerals .  Steele et al . ( 19 7 2 a )  reported that 
1 56 6 7  contained no olivine . They showed the zoning trend across 
pyroxene phenocrysts ( Fig . 3 )  in which p igeonite cores are 
sharply overgrown with augite rims . They also reported a plagio
clase compositional range of An93_87 ; plagioclases containing 0 .  4 
to 0 . 6% Fe . The pyroxene compositions were also diagrammed in 
Steele et al . ( 1972b) . 

PROCESSING AND SUBDIVISIONS : Chipping produced two p ieces , one 
labell ed , 1  and the other remaining part of , o  ( total mass now 
0 . 9 3 0  g ) . , 1  was largely consumed producing thin sections , 1  and 

/�-- I 6 • 

Figure 1 .  Pre-chip view of 15667 . 

1 1 65 



1 5 667 

Figure 2 .  Photomicrograph of 1 5 6 6 7 , 6 .  Width about 3 mm . 
Transmitted l ight . Most pyroxenes in thin sections 
seem to have been cut perpendicular to their l ong axes 
( indicating a l ineat ion? ) and no laths are seen . 

1 56 6 7a 
scan across 
pyroxene 

core 
(early) 

•' I I I I 
I 

I I I I 

Figure 3 .  Compositions of pyroxene phenocrysts in 15667  ( Steele 
et al . ,  1 9 7 2 a ) . 
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1 5 6 6 8  FINE-GRAINED OLIVINE-NORMATIVE ST . 9A 15 . 10  g 
MARE BASALT 

INTRODUCTION : 15668  is an olivine-bearing mare basalt which is 
vesicular ( Fig.  1 ) . The groundmass is the finest gra ined of all 
olivine-normative mare basalts . The olivines form phenocrysts 
macroscopically conspicuous and up to about 2 mm across . In 
chemistry , the sample appears to be a fairly average member of 
the Apollo 1 5  ol ivine-normative mare basalt group . It has a 
40Ar-39Ar plateau age of 3 . 13 ± 0 .  06 b .  y .  Vesicles occupy 
1 5 - 2 0 %  of the volume . Most surfaces are rounded and saturated 
with zap pits , with only a few fresh areas . 1 5 6 6 8  was collected 
as part of the rake sample from Station 9A . 

PETROLOGY : The thin section ( , 13 )  is of a very fine-grained 
ol ivine porphyritic basalt ( Fig . 2 ) , with a vesicle on one side . 
Only three small olivine phenocrysts are in the section ; the 
large ( 2  mm) conspicuous ol ivine phenocrysts macroscopically 
visible are lacking . Rhodes and Hubbard ( 19 7 3 )  reported a mode 
of 5 9 . 6% pyroxene , 3 1 . 2 % plagioclas e ,  1 . 1% ilmenite , 0 . 3 % chrome 
spinel , 3 . 5% ulvospinel , 3 . 0% mesostasi s ,  0 . 5 % vesicles , and only 
0 . 8 % olivine . 

The groundmass is very fine-grained and distinctly subophitic , 
and quite unlike most ol ivine-normative mare basalts . Tiny 
plagioclase laths or needles are partly embedded in pyroxenes . A 
few plagioclase laths are curved . The small ol ivine phenocrysts 
contain euhedral chromite , but the most common opaque phase in 
the sample is ulvospinel , There is  in most instances a sharp 
boundary from chromite to ulvospinel rims . Res idual phases are 
glass , minor fayalite , and ulvospinel ; cristobal ite is absent and 
ilmenite is rare ( although a few large grains are present) . Some 
interstitial glasses show immiscibil ity , and the res idual opaques 
commonly show a dendritic: growth . 

Figure 1 .  Pre-chip view of 15668 . S-7 1-4 9 7 2 9  
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Figure 2 .  Photomicrographs of 1 5 6 6 8 , 1 3 .  Width about 3 mm . a )  
transmitted l ight ; b )  crossed polariz ers . 

Fig. 2a Fig. 2b 

CHEMISTRY : Bulk rock chemical analyses ( 'rable 1 ,  Fig.  3 )  are 
quite consistent , and suggest that all either completely avoided 
ol ivine phenocrysts or contained a repres�:ntative amount of them . 
The normative olivine content of about 10%  suggests the latter is 
the cas e .  Chappell and Green ( 19 7 3 )  found the composition to be 
so similar to their analyses of 1 5 6 5 8  and 1 5 6 7 4  that they 
suggested all were fragments of the same rock ; however ,  1 5 6 6 8  is 
much finer-grained than either . 

RADIOGENIC ISOTOPES AND GEOCHRONOLOGY : Husain ( 19 7 2 ) reported a 
40Ar-39Ar plateau age of 3 . 15 ± o .  0 6  m .  y . , a l ittl e  lower than 
other Apollo 1 5  mare basalts . Husain et al . ( 19 7 2 ) increased the 
uncertainty to 0 . 0 8 m . y .  and reported a K-Ar age of 2 . 5 0  b . y . , 
indicating extens ive gas loss . Husain ( 19 7 4 )  reported Ar
isotopic step-wise heating data with extensive discussion and 
reported the plateau age as 3 . 1 3 ± 0 . 0 6 b . y . , from the 1 1 0 0°C to 
1 6 0 0°C fraction ( Fig . 4 ) . The highest temperature fraction alone 
has an age similar to other Apollo 15 basalts . Husain ( 1 9 7 4 ) 
reported the K-Ar age as 2 . 6 07 ± 0 . 0 2 5  b . y . , with the 40Ar* loss 
being 3 0 % . 
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Figure 3 .  Rare earths in 1 5 6 6 8 .  
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Figure 4 .  Ar-release diagrams and age for 1 5 6 6 8  ( Husa in,  19 7 4 )  · 

350 

� 33 c 

or 

290 

I 
7 rc f-

6C-

5Cf-

4( 

0.0 

15668,5,2 

-· 

1100" 

15668,5,2 

ooo• 

1.2'!0.03 
I . 0.2 0.4 

I I tzoo• 

I 
uoo• 

Aqe • 3.13 *0.06 x 101y 

ttoo• I 
1200. 

I 
0.6 0.8 

CUMULATIVE FRACTIONS OF ,.Ar • 

1300. 
o � 

I 1 -· 3. 2 

tooo 
3. 

2 

0 >. 
�Q . 

8 � "' 
2 .6 
2.4 

1.0 

RARE GAS AND EXPOSURE : Husain ( 19 7 4 ) used his step-wise release 
Ar isotopic determinations to calculate a 38Ar-ca exposure age of  
4 8 6  ± 2 0  m . y .  for 1 5 6 6 8 , in  contrast to the 520  ± 3 2  m . y .  age 
previously reported ( Husain et al . ,  197 2 ) . 

PHYSICAL PROPERTIES : Pearce et al . ( 19 7 3 ) reported room 
temperature magnetic properties for , 2 .  J8 was 0 . 1 0 emujg and 
Xp was 3 8 . 9  emujg Oe . 'I1he magnetic measurements indicated 0 .  0 4 5 %  
metallic iron equivalent and 17 . 8 % ferrous iron ( 2 3 . 0 % FeO 
equival ent ) . 

PROCESSING AND SUBDIVISIONS : About 1/3 o f  the sample was chipped 
off ( , 1 ) and subdivided to give , 1  to , 5  which were used for the 
al locations . Part of , 2  was used to make thin section , 13 .  , 0  is 
now 9 . 7 7 g .  
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1 5 6 6 9  FINE-GRAINED OLIVINE-NORMATIVE ST . 9A 4 . 4 0 g 
MARE BASALT 

INTRODUCTION : 1 5 6 6 9  is a fine-grained , olivine-porphyritic mare 
basalt which is ves icular ( Fig . 1 ) . The olivines are small  but 
visible macroscopical ly . In chemistry , the sample is  an average 
Apol l o  15 olivine-normative mare basalt . Most surfaces are fresh 
with part of the 1 1N 11 face apparently exposed . 1 5 6 6 9  was 
collected as part of the rake sample from Station 9A . 

PETROLOGY : 1 5 6 6 9  is a fine-grained , vesicular basalt which is 
ol ivine-phyric ( F ig . 2 ) . The texture , gra in s i z e ,  mode , and 
mineral chemistry are very similar to 1 5 6 6 5 . Dowty et a l . 
( 1 9 7 3b )  reported a mode of 59% pyroxene , 2 0 %  plagioclase , 1 0 %  
olivine , 7%  opaques , 4 %  miscell aneous , and no sil ica phase . 
Dowty et al . ( 19 7 3 a )  adj usted this sl ightly to 6 0 %  pyroxene and 
3 %  miscellaneous . They noted the amoeboid , corroded , resorbed 
ol ivines and that the ilmenites were patchy and skeletal .  Dowty 
et al . ( 19 7 3 c )  tabulated microprobe analyses of Fe-metal ,  
olivines , pyroxenes , and plagioclases ; and Nehru et al . ( 19 7 3 )  
tabulated microprobe analyses o f  spinel group minerals and 
ilmenites . Nehru et al . ( 19 7 4 ) l i sted a representative chromite 
analysis and noted that resorbed and rounded chromite gra ins with
out mantles of ulvospinel were present . The limited mineral 
chemical data ( Fig . 3 )  is similar to that for 1 5 6 6 5  and other 
fine-grained Apol lo 15 olivine-normative mare basalts . 

Figure 1 .  Pre-chip view of 1 5 6 6 9 . S - 7 1 - 4 9 5 4 5  
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Fig. 2a 

Fig. 2b 

Figure 2 .  Photomicrographs of 15669 , 2 .  Widths about 3 mm . a )  
transmitted l ight ; b )  crossed polariz ers . 
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Figure 3 .  Chemistry of  minerals in 1 5 6 6 9  ( Dowty et al . ,  1 9 7 3 b ) . 
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CHEMISTRY : A bulk chemical analysis by Ma. et al . ( 1 9 7 8 )  (Table 
1 ,  Fig . 4 )  shows that 1 5 6 6 9  is an average member of the Apollo 1 5  
ol ivine-normative mare basalt group . A defocussed beam micro
probe analysis by Dowty et al . ( 19 7 3 a , b) ( Table 2 )  has s imilar 
magnes ium but appears to be anomalously high in FeO and Ti02 and 
l ow in Al 20:1 • 

PROCESS ING AND SUBDIVISIONS : S ingle ch ips , 1  and , 2  were taken 
from the 11N '' end . Thin sections , 3 ;  , 7 ;  and , 8  were made from 
daughters of , 2 .  , 1  was further subdivided to produce material 
for chemical analysis and is now small  chips . , o  is now 3 . 2 1  g .  

1 1 7 4  
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Wt T - - -�-s"""I02 
Ti02 
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FeO 
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'lh 

u 
lb 

La 

Ce 

Pr 

Nd 

Yb 
Lu 
Li 
Be 

,4 

2 . 4  
9 . 3  

22 . 3  10 
1 1 . 3  

0. 267 
0. 040 

41 
203 

3670 2080 
45 

65{a) 

2 .6  
55(b) 

5. 1 

3. 5 
0.87 

0.8 
4.4 

2.1 
0. 32 

!000� 
I 

s i I \ 100� j 
e I 
I 

1 5 6 6 9  

Figure 4 .  Rare earths in 1 5 6 6 9 .  

* , 4  - Ma �t al . ( 197 8 ) ; INAA 

* Gd value calculated . 
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TABLE 1 5 6 6 9 - 2 . Defocussed beam 
microprobe bulk analys is  ( Dowty 
et al . ,  1 97 3 a ,  b )  

1 1 7 5 

Wt % S i02 
Ti02 
Al203 
FeO 
MgO 
cao 
Na20 
K20 
P205 

ppm Cr 
Mn 

4 4 . 3  
3 . 1  
8 . 0  

24 . 3  
10 . 1  

9 . 4  
0 . 3 1 
0 . 0 3 
0 . 07 
2 4 6 5  
2 17 0  



1 5 6 7 0  

1 5 6 70  MEDIUM-GRAINED OLIVINE -NORMATIVE ST . 9A 2 . 0 0 g 
MARE BASALT 

INTRODUCTION : 1 5 6 7 0  is a medium-grained ol ivine-bearing mare 
basalt which is vuggy ( Fig.  1 ) . Some olivines form phenocrysts 
up to 2 mm across ,  and pyroxenes are up to 3 mm long . One small 
area is  rounded and has a glass patch ; there are no z ap p its . 
1 5 6 7 0  was col lected as part of the rake sample from Station 9A.  

PETROLOGY : 1 5 6 7 0  is an ol ivine-bearing mare basalt ( Fig . 2 ) . 
The dominant phase is pyroxene which includes small granular 
grains and large ( up to 3 mm long ) z oned and twinned pigeonites . 
A few ol ivines are phenocrysts up to 2 mm across which are 
anhedral and contain crystal l i z ed sil icat1� melt inclusions . The 
groundmass is an ophitic to subophitic arrangement of smaller 
pyroxenes and some ol ivines , and plagioclase . Opaques range from 
chromite to ulvospinel to ilmenite . Cristobal ite is present . 
Steele et al . ( 19 8 0 )  used the ion probe to analyze for minor 
elements in plagioclase , reporting 13 ppm Li , 157 0 ppm Mg , 4 6 5 
ppm K ,  3 2 5  ppm S r ,  and 2 5  ppm Ba , for an ll.n90_1 composition . The 
reported value of 4 . 5  ppm Ti is evidently a typographic error ; 
comparison with the plotted data suggests the true value is 405  
ppm . Hence these plagioclases have the high Mg , Sr,  and Ti of 
other mare basalts . 

PROCESS ING AND SUBDIVIS IONS : 15670  was chipped into three 
pieces . , 0  is now 1 . 2 4 g and , 1  is 0 . 18 q .  , 2  was mainly used 
up in making thin sections , 2  and , 6 .  

F igure 1 .  Pre-chip view o f  15 67 0 .  S-71-497 6 1  

1 1 7 6 



1 5 670 

F i g .  2 a  

F i g .  2b 

Figure 2 .  Photomicrograph of 1 5 6 7 0 , 2 .  Widths about 3 mm . a )  
transmitted light ; b )  crossed pol ariz ers . 

1 1 7 7 



1 5 6 7 1  

1 5 6 7 1  MEDIUM-GRAINED OLIVINE-NORMATIVE ST . 9A 6 . 1 0 g 
MARE BASALT 

INTRODUCTION :  1 5 6 7 1  is a medium-grained , ol ivine-bearing mare 
basalt which is ves icular ( Fig . 1 ) . Ol ivines do not form 
phenocrysts . In chemistry , the sample is a primitive member of 
the Apollo 15 olivine-normative mare basalt group . Pyroxenes 
tend to be concentrated around some vesicles . One side is 
sl ightly rounded with several zap p its � others lack pits but have 
rare glass patches . 1567 1 was col lected as part of  the rake 
sample from Station 9A.  

Figure 1 .  Pre-chip view o f  156 7 1 .  S - 7 1 -4 9 7 2 1 

1 1 7 8 



1 5 6 7 1  

PETROLOGY : 1 5 6 7 1  is a med ium-grained , ol ivine-bearing basalt 
( Fig . 2 ) . The pyroxenes are dominantly zoned pigeonites about 1 
mm in dimens ion ; the larger ones contain smal l  ol ivine 
inclusions . Most ol ivines are smaller than 1 mm . The 
plagioclases are lathy to stubby , and many are hol low . The 
texture is generally subophitic with some radiate patches . 
Chromite , ulvospinel , ilmenite , sulfide , cristoba l ite , and sparse 
metal are present . 

Figure 2 .  

Fig. 2a 

Fig. 2b 

Photomicrographs of 1 5 6 7 1 , 6 .  Widths about 3 mm . 
transmitted l ight ; b )  crossed polariz ers . 

1 1 79 

a)  



1 5 6 7 1 

TABLE 15671-l. B.llk rock 
chanical analysis 

Wt %  S102 
Ti02 
Al203 
FeO 
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CaO 
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l'h 
Co 
Ni 
Ro 
Sr 
y 

Zr 
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8. 7 

21 . 6  
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1 5 67 1 

CHEMI STRY : A bulk analysis by Ma et al . ( 19 7 8 ) shows that 1 5 6 7 1  
is  a member o f  the Apollo 15  olivine-normative mare basalt suite . 
The low rare earths and Ti , and high ( though imprecisely 
measured) MgO suggest that it is a primitive or cumulate member . 

PROCESSING AND SUBDIVISIONS : Chipping produced several chips , 
three of  which were labelled , 1  and another , 2 .  , 2  was mainly 
used to make thin sections , 3  and , 6 .  In 1 9 7 6 ,  , 1  was divided 
and two chips allocated for chemistry and a further thin section 
, 11 .  , o  is now 4 . 9 0 g .  

I i 
i 100� 

1� , __ 

_Q Ce Pr Nd 

* ,4  · Ma et  a l .  ( 1 978); INAA 

* Gd value calculated. 

Sm Eu Gd lb Dy 1o Er h '8 

Rare Earth E lement 

LEGEND: SPEciFIC H-!i . 4 

Figure 3 .  Rare earths in 15 6 7 1 .  
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1 5 6 7 2  

1 5 6 7 2  MEDIUM-GRAINED OLIVINE-NORMATIVE ST . 9A 2 1 . 4 0  g 
MARE BASALT 

INTRODUCTION : 1 5 6 7 2  is a medium-grained , ol ivine-bearing mare 
basalt which is ves icular ( Fig . 1 ) . The ol ivines do not form 
phenocrysts but some of the pyroxenes do . I n  chemistry , the 
sample is  a primitive member of the Apollo 15  ol ivine-normative 
mare basalt group . It appears to have a distinct top and bottom 
in that one side is  rounded with a moderate z ap pit dens ity . 
1 5 6 7 2  was collected as part of the rake sample from Station 9A . 

Figure 1 .  Pre-chip , non-pitted surface of 1 5 6 7 2 . S - 7 1 - 4 9 8 1 8  

1 1 8 2  
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1 5 6 7 2  

PETROLOGY : 1 5 6 7 2  i s  a medium-grained , ol ivine-bearing , vesicular 
basalt ( Fig . 2 ) . Pyroxene prisms reach 2 mm long , and are zoned ; 
many contain small ol ivine inclusions . Most ol ivines are less 
than 0 . 5  mm across and are anhedral . Plagioclases are laths 
about 1 mm long . Cristobal ite , fayal ite , ilmenite , ulvospinel , 
euhedral chromites , and res idual glass are also present . Dowty 
et al . ( 1973b)  reported a mode of 5 8 %  pyroxene , 2 2 %  plagioclase ,  
10%  ol ivine , 6 %  opaques , 0 . 4 % s i l ica , and 3 . 6 % miscellaneous . 
( Dowty et al . ,  1 9 7 3 a ,  adj usted this to 1 1% ol ivine , 2 %  

miscellaneous ) .  They found that some pyroxenes appeared 
porphyritic , and that some chromites were mantled with 
ulvospinel . Dowty et al . ( 19 7 3 c )  tabulated microprobe analyses 
of pyroxene , ol ivine , plagioclase , Ba-K feldspar , S i-K glass , and 
Fe-metals ; Nehru et al . ( 19 7 3 ) tabulated microprobe analyses of 
spinel group minerals and two ilmenites . Nehru et al . ( 19 7 4 )  
tabulated an ulvospinel analys is but gave no specific discuss ion 
of 1 5 6 7 2  in their general discussion of opaque mineral s .  Fe
metal grains generally contain 1 . 1  to 1 . 6% Co and 2 . 7  to 6 . 4 % Ni , 
but grains with up to 3 . 7 % Co and 2 2 %  Ni  are present . Ilmenites 
contain 0 . 8 0 to 1 . 04%  MgO . Mineral analyses are general ly 
similar to those from other Apollo 15 ol ivine-normative mare 
basalts ( Fi g .  3 ) . 

Figure 2 .  

Fig.  2 b  

Fig. 2 a  

Photomicrographs o f  1 5 6 7 2 , 14 .  Widths about 3 mm . 
transmitted l ight ; b )  crossed polariz ers . 

1 1 8 3  

a )  



1 5 6 7 2  

CHEMISTRY : Bulk rock analyses are l i sted in Table 1 and the rare 
earths shown in Figure 4 .  The data are VE!ry consistent with each 
other and show the sample to be low in Ti and rare earths and 
high in MgO compared with average Apollo 1 5  ol ivine-normative 
mare basalts , i . e . , the sample is  rather primitive . Cuttitta et 
al . ( 19 7 3 ) and Christian et al . ( 19 7 2 ) have an Yb determination 
inconsistent with the other analyses and with other Apol lo 15  
ol ivine-normative mare basalts , and their data for Yb cannot be 
considered rel iable .  They also analysed for , and found no , 
Fe203 • They reported an " excess reducing capacity" ( over FeO ) of 
0 . 12 .  The defocussed beam microprobe analysis (Table 2 )  is  
incons istent with the other chemical analyses , indicat ing a more 
evolved ol ivine-normative basalt , and suggesting sampling 
problems due to grain s i z e .  
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Figure 3 .  Compositions of minerals in 1 5 6 7 2  ( Dowty et al . ,  
1973b) . 
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1 5 6 7 2  

PROCESSING AND SUBDIVIS IONS : Chipping produced several chips ( , 1  
to , 5 ) . , 2  was used partly to produce thin sections , 14 and , 18 .  
several of  the other chips were allocated for chemistry , etc . In 
19 7 5 , , 1 ,  which consisted of several chips ,, was subdivided to 
produce materials for chemical analysis and further thin 
sections , , 12 and , 13 .  , o  is now 1 8 . 65 g .  

* , 1 (A)  
* ' 1 (8 )  
* , 3  

· Ma et  a l .  ( 1 976 );  INAA 
· Ma et a l .  ( 1 976) ;  I NAA 
· Laul and Schmi tt ( 1973 ) ;  INAA 

* Gd value calculated. 

La Ce Pr Nd � � Gd Th Oy � Er Tm lb lu 

Rare Earth E lement 

LEGEND SPECIFIC H-4 , ! lA) t-H , ! IBI A-Ir� , 3 

Figure 4 .  Rare earths in 15672 . 

1 1 8 6  



TABLE 1 5 6 7 2 -2 . Defocussed beam 
microprobe bulk analys is ( Dowty 
et al . ,  19 7 3 a , b )  

Wt % S i02 
Ti02 
Al203 
FeO 
MgO 
cao 
Na20 
K2 0 
P205 

ppm Cr 
Mn 

1 1 8 7  

4 4 . 7  
2 . 7 5 
1 0 . 4  
2 1 . 6  

9 . 3  
9 . 9  

0 . 3 8 
0 . 0 3 
0 . 0 9 
3 7 65 
1 8 5 0  

1 5 6 7 2  



1 5 6 7 3  

1 5 6 7 3  MEDIUM-GRAINED OLIVINE-NORMATIVE ST . 9A 5 . 9 0 g 
MARE BASALT 

INTRODUCTION : 1 5 6 7 3  is a medium- to fine-grained , olivine
bearing mare basalt which is ves icular ( Fig . 1) . Ol ivines do not 
form phenocrysts . In chemi stry , the sample is a primitive member 
of the Apol lo 15 ol ivine-normative mare basalt suite . No z a p  
pits are present on the sample but a few (welded? ) dust patches 
are present . 1 5 6 7 3  was collected as part of the rake sample from 
station 9A. 

Figure 1 .  Pre-chip view of  1567 3 . S - 7 1 - 4 9 8 4 5  

1 1 8 8  



1 5 6 7 3  

PETROLOGY : 15673  is a ves icul ar , ol ivine-bearing mare basalt of 
medium grain s i z e  ( Fig . 2 ) . The texture is gabbroic or 
subophitic and very few crystals are l arger than 1 mm across . 
The dominant phase is pyroxene , which is zoned . 

Figure 2 .  

Fig.  2 a  

Fig.  2 b  

Photomicrographs o f  1 5 6 7 3 , 6 .  Widths about 3 mm . 
transmitted l ight ; b )  crossed polariz ers . 

1 1 8 9  

a )  



1 5 6 7 3  

CHEMISTRY : A bulk analysis by Ma et al . ( 19 7 8 ) ( Table 1 ,  Fig . 3 )  
has low rare earths and Ti02 , and high ( though imprecisely 
determined ) MgO , indicating that 15673  is a primitive member of  
the Apollo 1 5  ol ivine-normative mare basalt group . 

PROCESSING AND SUBDIVIS IONS : 
chip s )  and , 2  ( single chip ) . 
sections , 3  and , 6 .  In 1976 , 
chemical analys is and to make 
4 . 6 4  g .  

i 
I tool I 
i f--- -- __ _______..._ 

r 10-j 
I 

Chipping produced , 1  ( several 
The latter was used to make thin 
, 4  was taken from , 1  and used for 
thin section , 12 .  , 0  is now 

La Ce Pr Nd Sm Eu Gn Tb Dy He Er Tm Yb Lu 

Rare Earth E lement 

LEGEND: SPECJF JC � . 4 

Figure 3 .  Rare earths in 1 5 6 7 3. 
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1 5 6 7 4  

15674  FINE-GRAINED OLIVINE-NORr-1AT IVE ST . 9A 3 5 . 7  g 
MARE BASALT 

INTRODUCTION : 15674  is a fine-grained , ol ivine-bearing mare 
basalt ( Fig . 1 ) . The olivines form smal l  phenocrysts . In 
chemistry , the basalt appears to be an average member of the 
ol ivine-normative mare basalt group . It is tough , with angular 
corners . One side has abundant 1 rom-si zed zap pits and indicates 
a " s impl e " , singl e-orientat ion surface history . The sample is 
sl ightly vuggy . It was coll ected as part of the rake sample at 
Station 9A.  

Figure 1 .  Pre-chip view of 1567 4 . S-71-4 9 8 3 4  

1 1 9 2  



1 5 6 7 4  

PETROLOGY : 15674  has a fine-gra ined groundmass o f  granular 
pyroxene with some olivine , and raggedy plagioclases , and a few 
anhedral ol ivine phenocrysts ( F ig . 2 ) . The granular ma fic grains 
tend to cluster with each other and with opaque minerals .  In 
places the plagioclase grows radial ly . 

Fig.  2a 

Fig.  2b 

Figure 2 .  Photomicrographs of  15674 , 5 .  Widths about 3 mm . a )  
transmitted l ight : b )  crossed polarizers . 

1 1 9 3  



1 5 6 7 4  

CHEMISTRY : Chemical analyses are l isted i n  Table 1 ,  with rare 
earths shown in Figure 3 .  The analyses agree only moderately 
wel l . The compos ition is of an average-to-slightly-more
fractionated-than-average Apollo 1 5  ol ivine-normative basalt . 
Compston et al . ( 19 7 2 ) noted the systematic lower abundances of 
thei r  Rb analyses made by XRF ( reported in Chappell and Green , 
19 7 3 )  as compared with the more rel iable I D/MS data . Chappell 
and Green ( 19 7 3 )  found the compos ition to be so s imilar to those 
of 15 658  and 15668  that they suggested they were all broken 
pieces of the same rock . However , 15658  is a much coarser
grained ol ivine basalt , and 1 5 6 6 8  is a much finer-grained ol ivine 
basalt,  precluding this suggest ion . 

RADIOGENIC ISOTOPES : Compston et al . ( 19 7 2 )  reported Rb-Sr 
isotopic data ( Table 2 ) . For a 3 . 3  b . y .  age , the data g ive an 
initial 87Srj86Sr ratio of 0 .  699 5 0 ,  indistingui shable from that 
of  other Apollo 15 mare basalts . 

PROCESS ING AND SUBDIVISIONS : A piece was chipped off and it was 
further chipped to produce material for allocations . , 0  is now 
2 8 . 9 1 g .  The only thin section , , 5 ,  was made from , 2 .  

* , 3  - Fruchter e t  a l .  ( 1 973 > ;  INAA 

* Gd value calcul ated. 

·1  --·r- -r-··-,------,--- ,- -r--·- r-.....,.--·r--- - r 

La Ce Pr Nd Sm Eu Gd lb Oy He Er lm Yb l .u 

Figure 3 .  Rare earths in 1 5 6 7 4 .  LEGEND SPECIFIC it-Hi . 3 
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1 5 6 7 4  
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TABLE 15674-1. Bulk rock chani.cal analyses 

, 4( . 11) , 4 ( . 11) • 3 
Wt %  51.02 45.04 

Ti02 2. 58 2. 91 
Al203 8.95 8 .11  
FeO 22. 78 21.54 
':!;10 9. 36 
CaO 10.15 
Na20 0. 28 0.26 
K20 0.05 
P205 0.08 

PI"' Sc 42 
v 
<I 3220 3940 
lli 2400 
Co 52 
Ni 
Rb 0.65 o.so Sr 100. 9 100. 3  
y 24 
Zr 89 
No 7 Hf 2.2 
Ba 

1h 

u 

Fb 

la 4 . 2  Ce 
Pr Nd an 3 . 2  
f).] 0.87 
Gj References an:i methcrls : 
'lb 0.6 
Dj (1 )  Ola.FP<'ll and Green (1973). Ccrnpston et al. 
fb (1972 ) :  XRF --
Er (2) Ccmpston et al. (1972 ) :  ID/MS 
'lin (3) Fruchter et al . (1973 ) :  INAA 
Yb 2 . 3  
Lu 0.26 
Li 

Be 

B 
c 

N 

s 600 
F 
C1 
Br 
Ol 
Zn 

Twbl- - ··-r 
At 
Ga 3100 
Ge 

As 
Se 
fob 

Tc 
Rl 
Rh 
F\l 

kJ 
Cd 
In 

Sn 
Sb 
Te 
Cs 
Ta 470 
w 
Re 
Os 
Ir 
Pt hJ - ----

H:j 
T1 
Bi 

iT (2) (3) 
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1 5 6 7 4  

TABLE 1 5 6 7 4 - 2 . Rb-Sr isotopic data (Compston et a 1 . ,  1 9 7 2 ) 
Rb ppm 

o . a o ( ID)  
0 . 6 5 (XRF) 
( a )  unspiked 

sr ppm 

1 0 0 . 3  (ID)  
1 0 0 , 9  ( XRF) 

87Rb/86Sr 

0 . 0 2 3 1  0 .  7 0 0!59 ± 1 0  
0 .  7 0 0 !5 6  ± 1 0  ( a )  

1 1 9 6  



1 5 6 7 5  

1 56 75  FINE-GRAINED OLIVINE-NORMATIVE ST . 9A 3 4 . 5  g 
MARE BASALT 

INTRODUCTION : 1 5 6 7 5  is a fine-gra ined , ol ivine-bearing mare 
basalt ( Fig . 1 ) . The olivines form smal l  phenocrysts . In 
chemistry it appears to be an average member of the Apollo 15 
ol ivine-normative mare basalt group . It is tough with abundant 
zap p its (probably an equil ibrium popul ation) although one side 
is a fresh surface . One 3 mm pit is present . 1 5 6 7 5  was 
collected as part of the rake sample at Station 9A.  

Figure 1 .  Post-chip view of 1 5 67 5 .  Intermediate-sized chip is 
, 2 ; others are , 1 . 

1 1 9 7  



1 5 6 7 5 

PETROLOGY : 1 5 6 7 5  is  a fine-gra ined , ol ivine-normative mare 
basalt ( Fig . 2 ) . The ol ivines form small , anhedral phenocrysts . 

CHEMISTRY : A bul k  rock chemical analysis is  presented in Table 
1 ,  with the rare earths plotted in Figure 3 .  The sample appears 
to be an average Apollo 15 ol iv ine-normative mare basalt , 
although the critical el ement Mg i s  not measured preci sely with 
the INAA technique . 

PHYSICAL PROPERTIES : Gose et al . ( 1 9 7 2 )  and Pearce et al . ( 19 7 3 )  
measured a magnetic intens ity o f  3 . 8  x lo-6 emujg for the bulk 
sampl e ,  a typical value for Apol lo 15 mare basalts . 

PROCESS ING AND SUBDIVI SIONS : Three small chips were taken from 
, o  ( now 3 0 . 2 9 g )  and subd iv ided . A thin section , 7  was made from 
1 4 • 

Figure 2 .  Photomicrograph of 1 5 6 7 5 , 7 .  Width about 2 mm . 
Crossed polariz ers . 

1 1 98 
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F igure 3 .  Rare earths in 15675 , 4 .  
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1 5 6 7 6  

1 5 6 7 6  FINE-GRAINED 0 L IV I N  E - 1'-'-'1 O"-'R'-"l'--'·1;c,A-=T-"I'--'V'-"E'------�S-=T'-'.�9"-'A"------=2'-"5'-'.'-'3�g 
MARE BASALT 

INTRODUCTION : 1 5 6 7 6  i s a f ine-gra i ned , ol ivine-bearing mare 
basalt . The olivines form sma l l  phenocryst s . In chemistry , it 
appears to be an average member of the Apol l o  15 ol ivine
normative mare basalt group . It is tough , irregular , and rounded 
( Fig . 1 ) . 15 6 7 6  was c o l l ected a s  part of the rake sample at 
Station 9A . 

Figure 1 .  Post-sawing view of 1 5 67 6 .  S - 7 1 - 5 9 5 5 8  

1 20 1  



1 5 6 7 6  

PETROLOGY : 15 6 7 6  is one o f  the f inest-gra ined ol ivine-bearing 
mare basalts ( F i g .  2 ) . It conta ins sparse , small  ( less than 1 
mm) ol ivine phenocrysts in a groundmass o f  small  raggedy 
plagioclase laths and t iny ( most l ess than 1 0 0  microns ) granular 
pyroxenes . Some tiny ol iv ine gra ins are also present . Dowty et 
al . ( 19 7 3 a , b ) found a mode of  5 9 %  pyroxene , 9% ol ivine , 2 7 %  
plagioclase , 4 %  opaque minerals , 0 . 5 % s i l i ca phase , and 0 . 5% 
miscellaneous . They also prov ided m ineral chemistry summaries 
( F ig .  3 ) , with tabulations of pyroxene , ol ivine , plagiocl ase , 
potash feldspar ,  glass , and metal microprobe analyses in Dowty et 
al . ( 19 7 3 c ) . Nehru et al . ( 1 9 7 3 )  tabul ated spinel group mineral 
and ilmenite analyses . The res idual sil ica glass contains up to 
7 . 7 % K20 ; the potash feldspar conta ins 9 . 0 % BaO . Nehru et al . 
( 19 7 4 )  included 1 5 6 7 6  in the ir general discus sion of opaque 

minerals in Apollo 15 rocks but made no specific mention . 

Figure 2 .  

Fig. 2a 

Photomicrographs of 156 7 6 , 15 .  Widths about 3 mm . a )  
transmitted l ight ; b )  crossed polarizers . 
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CHEMI STRY : Bulk rock chemical analyses are l i sted in Table 1 ,  
and a defocussed beam microprobe bulle ana lysis in Table 2 .  The 
rare earths are shown in Figure 4 .  The Cu abundance l i sted in 
cuttitta et al . ( 19 7 3 )  is l isted erroneously as 0 . 2 5 ppm , and La 
and Yb abundances of cuttitta et a l . ( 1 9 7 3 )  and Christian et al . 
( 19 7 2 )  are anomalously high . These authors l i sted an " excess 
reduc ing capacity " of + 0 . 1 2 .  

Figure 3 .  
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The chemistry i s  o f  an average Apo l lo 1 5  ol ivine-normative 
basal t .  Ma et al . ( 19 7 6 )  found it to have: a higher SmjEu than 
most other olivine-normat ive basalts , and suggested it was (with 
1 5 6 0 7 ) a second magma type , even though another spl it analyzed by 
Laul and Schmitt has a " norma l "  Sm/ Eu ratio . The latter they 
attribute to '' excess '' plag iocl ase , i . e . , sampl ing problems . The 
defocussed beam analysis is r emarkably s imilar to the more 
conventional analyses with the exception of its high Ti02 • 

PROCESS ING AND SUBDIVISIONS : An end wa s sawn o f f  ( Fig . 1 )  and 
spl it to produce , 1  and , 2 ,  wh i ch were subd ivided for 
allocations . Th in sections were n:ade from two subchips , , 5  ( thin 
sect ions , 1 0 and , 1 1 )  and , 8  ( thin sections , 1 4 and , 15 ) . , 0  is 
now 2 2 . 5 6 g .  

m 

_a Ce Pr Nd 

* ' 1  
* , 2  

- --- -�� 

- Ma et a l .  ( 1 976) ;  INAA 
- Laul and Schmi tt ( 1973) ;  INAA 

* Gd va l ue calcu l ated. 
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Figure 4 .  Rare earths in 1 5 67 6 .  
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TABLE 15676-l. B:Jlk rcx::l< chanica! analyses 

, 6  
wt� % -- Si0"2��---c44rr-. ;-7;10 

Ti02 2.66 
AlAl3 8. 76 
FeO 23.03 
MgO 9.82 
cao 10.10 
Na20 0. 31 
K20 0.06 
P205 0.11 

\Wn) Sc 37 
v 
Cr 
Mn 
Co 
Ni 
Rb 
Sr 
y 
Zr 
Nb 
Hf 
Ba 
'1h 
u 
fb 
La 
Ce 
Pr 
Nd 

Yb 
Lu 
Li 
Be 
B 

c 

N 

s 

F 

Cl 

Br 

cu 

Zn 

At 
Ga. 
Ge 
As 
Se 
l'b 
Tc 
Ru 
Rh 
F\:1 
l'g 
Cd 
In 
Sn 
Sb 
Te 
Cs 
Ta 
w 
Re 
Os 
Ir 
pt Au 
Hg 
Tl 
Bi 

190 
3220 
2170 

60 
63 
<1 

130 
27 
70 

<10 

56 

12 

3.9 

7.7 
<1  

25 

3600 

, 2  ' l  

2 . 7  2 . 6  
9. 5 8.5 

22.5 21.7 
8 9 . 1  

10.7 9.3 
0.275 0.275 
0.048 0 . 042 

42 40 
200 197 

3390 2400 
2080 2070 

43 44 
45 

<230 

3. 1 2 . 6  
<120 

5 .3  4.9 
15 

3.8 3 . 5  
1 . 0  0.82 

0.7  0. 59 
4 . 4  4 . 6  

2 . 5  2 . 1  
0.40 0. 39 

References arrl methcds : 

TABLE 15676-2 . Defocussed beam 
microprobe bulk analysis ( Dowty 
et al . ,  197 3 a ,  b )  

Wt % 

ppm 

S i02 
T i02 
Al203 
FeO 
MgO 
cao 
Na20 
K20 
P205 
cr 
Mn 

4 4 . 2  
3 .  0 
8 . 9  

2 2 . 4  
9 . 2  
9 . 5  

0 . 3 1 
0 . 0 1 
0 . 0 8 
2 5 3 0  
2 0 9 0  

( 1 )  CUttitta et a1. ( 1973 ) ,  Christian et a1. 
(1972 ) ;  XRF, seni-micro chan, opt anrSs. spec. 

(2) Lau1 and Schmitt (1973 ) :  INAA 

(3) Ma et al. (1976 ) ;  INAA 

600 390 

-----------r,.,-----··�T� ----ol 
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15677  FINE-GRAINED OLIVINE-NORMATIVE ST . 9A 6 . 4 0 g 
MARE BASALT 

INTRODUCTION : 15677  is a fine-grained , ol ivine-porphyritic mare 
basalt . It is sl ightly vuggy and has an eroded surface ( Fig . 1 ) . 
In chemistry the sample i s  a primitive member of the Apollo 15 
olivine-normative mare basalt suite . Zap pits occur on all 
faces , except one which appears to be a fresh fracture . Rounding 
of the rock corresponds with the p itting , and some small glass 
splashes are present . 15677  was collected as part o f  the rake 
sample at Station 9 A .  

Figure 1 .  Pre-saw view of 15677 . S-7 1-49 8 5 1  
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PETROLOGY : 15677  is a fine-grained , ol ivine-phyric mare basalt 
( Fig . 2 ) . The ol ivine phenocrysts are small ( 1  mm or less ) , 
scattered , and anhedral .  Some contain crystal l i zed sil icate melt 
inclusions . The groundmass is general ly subophitic to ophitic , 
with a few radiate patches . The pyroxenes are granular and 
smal l ,  as are groundmass olivines , and the plagioclases range 
from irregular laths to 1 to 2 mm ophitic grains . Chromite , 
ulvospinel , ilmenite , cristobal ite , fayalite,  sul fide , and scarce 
Fe-metal are present . 

Figure 2 .  

Fig. 2a 

Fig. 2b 

Photomicrographs of 15677 , 6 .  Widths about 2 mm . 
transmitted l ight ; b )  crossed polarizers . 
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CHEMISTRY : A bulk analys is by Ma et al . ( 1 9 7 8 ) ( Table 1 ,  Fig . 3 )  
has low rare earths and Tio2 , and high ( although imprecisely 
determined ) MgO , indicating that 1 5 6 7 7  is a primitive member o f  
the Apol l o  15 olivine-normative mare basalt group . 

PROCESS ING AND SUBDIVIS IONS : , 1  was sawn from one end , and made 
into a potted butt from which thin sections , 6  to , 8  were made . 
In 1 9 7 7 ,  further chipping (to avoid sawn face and exterior) 
produced , 3  (two chips ) and , 4  ( two chips ) . , 3  was used for 
chemical analysis and to make thin sectie>n , 1 0 .  , o  is now 
4 . 6 9 g .  

1000-i I ! 

p 100-1 

�------"""" I 
r 10� 

* , 3 · Ma et a l .  ( 1 978); I NAA 

* Gd value calculated. 
' '�-- ---r----,----,------,-----,-,- --1-- -�---,-----,-----, ---1 ---, 

La  Ce � � � � � lb Dy � � l m  Th lu 

Rare Earth Element 

LEGEND: SPECIFIC � , 3 

Figure 3 .  Rare earths in 1 5 6 7 7 .  
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TABLE 15677-l . B.llk rock 
chsnical analysis 

, 3  
wt -%- SL02 

Ti02 2 . 0  
Al203 8. 8 
FeO 22.5 
M;jO 12 
CaO 8.4 
Na20 0. 251 K20 0. 040 
P205 

l'"iiPllJ Sc 40 
v 211 
Cr 4100 
1-tl 2045 
Co 55 
Ni 25(a) Rb Sr y Zr Nb Hf 2 . 2  
Ba 
'Ih 
u 
Pb 
Ia 4.6 
Ce 
Pr 
w References arrl metho:ls: 
an 3 . 1  Ell 0.78 (1) Ma et <Ll. ( 1978) ; 
Gd �-
'lb 0.6 
Dy 3.9 

/- fb Notes : 
Er 
'lin (a) :': 15 PJ:rn 
Yb 1.9 
ill 0.23 Li Be 
B 
c 
N 
s 
F 
C1 
Br 
Ql 
Zn 

(ppb) I 
At 
Ga 
Ge 
As 
Se 
M:> 
Tc 
fu 
Rh 
Rl 
l>g 
Cd 
In 
Sn 
Sb 
Te 
Cs 
Ta 460 w Re Os 
Ir Pt Au 
&) 
T1 
Bi 

1 
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1 5678  FINE-GRAINED OLIVINE-NORMATIVE ST . 9A 7 . 5 0 g 
MARE BASALT 

INTRODUCTION : 15678  i s  a fine-grained , ol ivine porphyritic mare 
basalt which is sl ightly vuggy and fractured and has an eroded 
surface ( Fig . 1 ) . In chemistry the samplE� is a fairly average 
Apollo 15 olivine-normative mare basalt . It has an 40Ar-39Ar 
plateau age of 3 , 3 8  ± 0 . 05 b . y .  Zap p its are abundant on two 
s ides but less obvious on others . Glass splashes , welded dust , 
and other coatings are also present . 1 5 6 7 8  was collected as part 
of the rake sample from Station 9A . 

F igure 1 .  Pre-chip view of 15678 . S-71-49858  
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PETROLOGY : 15678 is a fine-grained , olivine-phyric mare basalt 
( Fig . 2 ) . The ol ivine phemocrysts are small ( less than 1 mm) , 
scattered and anhedral . The dominant phase , pyroxene , occurs as 
small granular grains , enclosed in and interstitial to irregular 
pyroxene l aths , i . e . , a subophitic to ophitic texture . Dowty et 
.al . ( 19 7 3 b )  reported a mode of 55%  pyroxene , 3 0% plagioclase , 7 %  
ol ivine , 7 %  opaque minerals , 1 %  miscellaneous , and no sil ica 
phase . Dowty et al . ( 19 7 3 a )  adj usted the mode to 8% ol ivine and 
6%  opaque minerals . Dowty et al . ( 19 7 3 c )  tabulated microprobe 
analyses of pyroxenes , ol ivines , plagioclases , S i-K glass , and 
Fe-metal s ;  Nehru et al . ( 1973 ) tabulated microprobe analyses of  
spinel group minerals and ilmenites . Nehru et al . ( 19 7 4 )  
included 15678  i n  their general discussion of  opaque minerals but 
added no specific data or comment . The metal grains contain 1 . 4  
to 2 . 5% Co and 2 . 0  to 11 . 2 % Ni ; the ilmenites contain 0 . 9 0  to 
2 . 4 3 %  MgO . The mineral chemistry is similar to that of many 
other fine-grained Apollo 15 ol ivine-normative basalts ( Fig . 3 ) . 

Fig. 2a 

Fig. 2b 

J�igure 2 .  Photomicrographs of 15678 , 6 .  Widths about 3 mm . a )  
transmitted l iqht ; b )  crossed polari zers . 
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CHEMISTRY : Bulk analyses are l isted in Ta.ble 1 and the rare 
earths shown in Figure 4 .  The maj or element chemistry is that of  
an average Apollo 1 5  ol ivine-normative mare basalt ; the rare 
earths are somewhat l ower than average . 

Figure 3 .  

;= 
N 
. 
;:[ 0.6 
. 

u " "  
;= 
N 

ooo 

' 
ooo 

90 80 

... 90 80 

.� 

·.· . . 

70 

• 

• 
• • • 

. , . . 
. .. ... • 

Pyro�tene composition (mole%) 

""'' . •• •• ' 60 �·o 40 

• 

. ' 30 
Forsterite content of olivine (mote%) 

' 
70 60 30 40 30 

Anorthite content of plog10cfose {mole%) 

2 TI  

Spinel group mmerols 

AI 

210 oo 0 

20 oo 0 

' .  

:! 0.6 r
�i 
,;-o ... 

o.4 o_6 o.e Fe/Fe + Mg 

1 5 678 

Compos itions o f  minerals in 1 5 6 7 8  ( Dowty et al . ,  
1 9 7 3 b ) . 

1 2 1 2  



1 5 6 7 8  

RADIOGENIC ISOTOPES AND GEOCHRONOLOGY : Husain et al . ( 1 9 7 2 )  
reported an 40Ar-39Ar age o f  3 . 2 8  ± 0 . 0 6 b . y .  and a K-Ar age of 
2 . 5 1 b . y .  Husain ( 19 7 4 ) reported the stepwise-heating Ar 
isotopic data and revised the 40Ar-39Ar plateau age to 3 .  3 8  ± 
0 . 05 b . y .  and the K-Ar age to 2 . 6 07 ± 0 . 0 3 9  b . y .  4 0 . 2 % of the 
40Ar* had been lost , resulting in the low K-Ar ages . 

RARE GAS AND EXPOSURE : Husain et a1 . ( 19 7 2 )  used their Ar 
isotopic data to calculate a 38Ar-Ca exposure age of 150  + 2 0  
m . y .  This was revised 1:o 1 6 4  ± 7 m . y .  by Husain ( 19 7 4 ) . 

PROCESS ING AND SUBDIVIS IONS : Chipping produced , 1  ( a  few 
pieces ) ,  and , 2  to , 4 .  , 2  was partly used in making thin 
sections , 6  and , 7 ;  other pieces were used for analyses . , o  is 
now 6 . 11 g .  

100� I 

' 
1 • Helmke et a t .  ( 1 973 ) ;  I NAA, RNAA �� r- --:- ·r--�·--r --,--,--T-- - T  -- --,- - - T - - � - - �-- - - -
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F igu re 4 .  Rare e a rths in 1 5 6 7 8 . 
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TABLE 1 5678-l. Bulk rock chanical 
analyses 

Wt %  

(ppn) 

S102 
Ti02 
Al203 
FeO 
MgO 
CaO 
No20 
= 
P205 
Sc 

v 
Cr Mo Cb 
Ni 

, 3 46.0 
2. 56 
8 . 90  
22. 0 
9 . 76 
10. 1 

0. 264 
0.039 

42.8 

4230 
2160 

49 

Rb 0 . 6  
Sr 
y 

Zr 

Nb 

Hf 

Ba 

'Ih 

u 

lb 

La 

Ce 

Pr 

ru 

Sn 
Ell 

G:l 
Tb 

I¥ 
lb 

Er 

'lin 

Yb 
ill 

Li 

Be 

B 
c 
N 
s 
F 
Cl 
Br 
cu 

Zn 

At 

Ga 
Ge 

Ru 
Rh 
ru 
!'!L. 
O:l 
In 
Sn 

2.0 

4 . 05 
10. 5 

8 .6  
2.97 
0 .82 

4.0 
0 . 68 

4.9 
0.87 

2 .9  

2 . 02 
0. 277 

,4  

9 . 2  

0.042 

References and methods :  

(l )  Helmke et al. ( 1973) ;  INAA, 
RNAA, � 

(2) Husain ( 1974) ; Ar istcpes, 
irradiaticn. 

:,------
Cs 29 
Ta 
w 
Re 
Os 
Ir 
Pt. 
hl 
f>:J 
Tl 
Bi 

(l) (2) 

TABLE 1 5 6 7 8 - 2 . De focussed beam 
microprobe bulk analys is ( Dowty 
et a],_. , 1 9 7 3 a , b )  

wt % S i02 4 5 . 5  
Ti02 2 . 6 4 
Al203 9 . 4  
FeO 2 2 . 6  
MgO 9 . 0  
cao 1 0 . 3  
Na2 0  0 . 3 8 
K2 0 0 . 0 5 
P205 0 . 0 8 

ppm Cr 3 2 9 0  
Mn 2 3 2 5  
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15679  FINE-GRAINED OLIVINE-NORMATIVE ST . 9A 0 . 7 0 g 
MARE BASALT ( ? )_ 

INTRODUCTION : 15679  is a small chip ( Fig.  1 )  which is macro
scopically similar to samples 15674  through 15678 , which are 
fine-grained , ol ivine-phyric mare basalts . small yellow-green 
o l ivines are visible macroscopically . The sample is rounded but 
has few zap pits . There are several glass splashes . 15679 was 
col lected as part of the rake sample from Station 9A . It has 
never been subdivided or allocated . 

Figure 1 .  Sample 1567 9 . S-71-49854  
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1 5 6 8 0  FINE-GRAINED OLIVINE-NORMATIVE ST . 9A 0 . 3 0 g 
MARE BASALT ( ? )  

INTRODUCTION : 1 5 6 8 0  i s  a small fragment ( Fig.  1 )  o f  a fine
grained , ol ivine-bearing basalt which is macroscopically s imilar 
to samples 15674  through 1 5 6 7 8 , which arE! f ine-grained , 
porphyritic olivine-normative mare basalt:s . 1 5 6 8 0  was collected 
as part of the rake sample from Station 9 A .  I t  has never been 
subdivided or allocated . 

Figure 1 .  Sample 15 68 0 .  S-71-4 9 8 2 8  
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1 5 6 8 1  FINE-GRAINED OLIVINE-NORMATIVE ST . 9A 0 . 3 0 g 
MARE BASALT ( £1  

INTRODUCTION : 1 5 6 8 1  is a small fragment ( Fig.  1 )  of a fine
grained , ol ivine-bearing basalt which is macroscopically s imilar 
to samples 15674 through 15678 , which are fine-grained , 
porphyritic olivine-normative mare basalts . 1 5 6 8 1  was collected 
as part o f  the rake sample from Station 9A . It has never been 
subdivided or allocated . 

Figure 1 .  Sample 1568 1 .  S - 7 1-4 9 8 7 0  
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1 5 6 8 2  PORPHYRITIC SPHERULITIC QUARTZ -NO�\TIVE ST . 9A 5 0 . 6  g 
MARE BASALT 

INTRODUCTION : 1 5 6 8 2  is  a pyroxene-phyric mare basalt with a 
spherulitic groundmass . In chemistry , it :Ls a low-MgO variety of 
the Apo l l o  15  quartz -normative mare basalt group . It has an Rb
sr isochron age o f  3 . 4 4 ± 0 . 07 b . y .  It is tough , rounded , 
irregularly shaped , and has prominent zap p its . It was coll ected 
as part of the rake sample from Station 9A .. 

PETROLOGY : 1 5 6 8 2  is  a pyroxene-phyric basalt ( Fig . 2 ) . It was 
described , with modal and mineral chemical data , by Dowty et al . 
( 19 7 3 a , b ;  1 9 7 4 )  ( Fig . 3 ) ; microprobe analyses of minerals were 
tabulated in Dowty et al . ( 19 7 3 c } . Nehru �lt al . ( 1 9 7 3 , 1 9 7 4 )  
tabulated opaque mineral analyses . Dowty �!t al . ( 19 7 3 a , b )  found 
the mode to have 6 2 %  pyroxene , 2 2 %  plagioclase , 7 %  opaque 
mineral s ,  0 . 4 % sil ica mineral , and 8 . 6% miscellaneous ; they found 
two small , irregular ol ivine crystals . Dowty et al . ( 19 7 4 )  
counted 3 4 %  phenocryst volume . The phenocrysts are skeletal and 
zoned , with fairly abrupt , inclusion-rich rims . Most pyroxenes 
are l ess than 3 mm l ong . The groundmass plagioclases range from 
0 . 0 3 to 2 . 0  mm long ( i . e . , almost as l ong as some p igeonite 
phenocrysts)  but some are stubby and enclosed in patchy 
pyroxenes .  Some l arge stubby plagioclases have pyroxene crystal s 
in their cores ( 11 intrafasciculate" )  . There! are extremely fine 
bundles of plagioclase needles included in the l arger groundmass 
pyroxenes . Dowty et al . ( 1 9 7  4 )  provided x-·ray diffraction data 
including the cel l parameters . 68 is 1 . 7 7° to 2 . 15° ( average 
1 . 9° ) , indicating a 11middle-rate11 cool ing . 

Coo l i ng history :  Lofgren et al . ( 19 7 4 )  found pyroxenes ( as 
described in Dowty et al . ,  19 7 3 )  to resemble those grown in a 
quartz -normative basalt composit ion crystallized at l inear 
cool ing rates in the range 1 . 2° to 3 0°C/hr . Lofgren et al . 
( 1 9 7 5 )  ref ined these estimates to 2° to 5°C/hr for the 
phenocrysts to 1 o to 5°Cjhr for the groundmass . In a s imilar but 
more sophisticated study , Grove and Walker ( 19 7 7 ) estimated an 
early cool ing rate of O . l°C/hr from the pyroxene nucleation 
density , an integrated cool ing rate of 0 . 5°C/hr from the pyroxene 
sizes , and a late cool ing rate of 1 . 5°C/hr from the plagioclase 
sizes . They estimated final cool ing about 7 0  em from a 
conductive boundary . The rates are intermeldiate to slow compared 
with many basalts . 

CHEMISTRY : Bulk chemical analyses are given in Table 1 ,  and a 
bulk defocussed beam microprobe analys is in Table 2 .  The rare 
earths are shown in Figure 4 .  The analyses are fairly consistent 
and the low MgO suggests that 1 5 6 8 2  is among the most 
fractionated of the Apollo 15 quartz-normat:ive basalts . Helmke 
et al . ( 19 7 3 )  found the Sm/Eu to be intermeldiate to their two 
groups , i . e . , could not be assigned . 
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RADIOGENIC ISOTOPES : Papanastass iou and Wasserburg ( 19 7 3 ) 
determined a Rb-Sr internal isochron age of 3 . 4 4 ± 0 . 07 b . y .  
( A = 1 . 3 9 x 10-11 yrs ) on plagioclase , '' ilmenite'' , 
" cristobal ite" , separates and a whole rock determination . The 
initial 87Srj86Sr  ratio of 0 .  6 9 9 2 6  ± 7 is indistinguishable from 
other Apollo 15 mare basalts . Nyquist et al . ( 19 7 2 , 197 3 )  also 
determined Rb and Sr  isotopes on a whole rock sample (Table 3 ) . 
Extrapolated to the age of the basalt , their initial 87sr;sssr is 
also indistinguishable from other Apollo 15 mare basalts . 

PROCESSING AND SUBDIVISIONS : 15682  was chipped to produce 
several small pieces ( Fig . 1 ) . , 2  was partly used in making thin 
sections , 6  and , 12 .  , o  is  now 4 4 . 50 g .  

Figure 1 .  Post-split view of 15682 . S-7 1-59 2 6 0  
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F i g .  2 a  

F i g .  2 b  

Figure 2 .  Photomicrographs of 1 5 6 8 2 , 6 .  Widths about 3 rom . a )  
transmitted l ight ; b )  crossed polariz ers . 
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Wt% 

(ppn) 

(ppb) 

TABLE 1568_2-1 . Bulk rock dlenical analyses 

, 4  , 4 , 4  , 4  Si02 
Ti02 2- 2S 
Al203 
Fe() 18. 2 

� 7 . 94 
CaO 
Na20 0 . 39(a) 
K20 0 . 068 
P205 
Sc 
v 

Cr 
.... CO"""�-�--· 
Ni 
reo 1 . 154 1 . 143 1 . 145 
Sr 130 129 . 8  128. 1 
y Zr 110 
Nb 
Hf 2 . 9  
Ba 88. 1  
'Ih 

u o. 213 
lb 

La 8.04 
Ce 22.8 
Pr 
N1 16.3 
Sn 5.08 
fu 1. 308 
ill 6.80 'lb 
Dy 7.26 
Eb 
Er 4 . 28 
'lin 
Yb 3.45 
Lu 0. 612 Li 5 . 56 Be ---�--
B 
c 
N 
s 
F 
C1 
Br 
OJ 

Zn 

I 
At 
Ga 
Ge 
As 
Se 
lob 
Teo 
Rl 
Rh 
Rl 
I:B. 
Q:l 
In 
Sn 
Sb 
Te 
Cs 
Ta 
w 
Re 
Os 
Ir 
Pt 
l'J.J 
H:J 
T1 
Bi 
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• 3 
48. 5 
2.13 
9.88 
20.6 
7 . 17 
10.6 

0. 351 
0.061 

42. 7  

2980 
2060 

42 

1 . 1  

2.8 

6.89 
17.8 

13.7 
4.43 
1 . 10 

6 . 0  
0. 95 

6 . 6  
1 . 49 

3 . 8  

2.9 
0. 410 

<3 

3800 

60 



R e f e r e n c e s  t o  Tab l e  1 5 6 8 2 - 1  

References arrl methcds: 

( l )  Hubbard et al. ( 1973 ) ,  Wiesmann and Hubbard (1975) ; XRF, JW3, ID/MS 
( 2 )  �yquist et a1. ( 1972, 1973 ) ;  ID/MS 
{ 3 )  Papanastassiou and Wasserburg ( 1973) � ID/MS 
(4)  ct.urch et al . (1972 ) ;  ID/MS 
( 5 )  Helmke et-a"i. ( 1973 ) ;  INM, JW3, RNAA 

tbt.es: 

(a) rep::>Jcted as 0. 34% in Wiesmann and Hubbard (1975) .  
(b) does oot incltrle other data also published but which is includecl in 

coL 1 .  

TABLE 1 5 6 8 2 - 2 . Defocussed beam bul k  
microprobe analys is ( Dowty et al . ,  
1 9 7 3 b )  

Wt% S i02 
Ti02 
Al203 
FeO 
MgO 
cao 
Na20 
K20 
P205 

ppm Cr 
Mn 

1 2 2 3  

4 8 . 0  
2 . 15 
1 0 . 5  
2 1 . 0 

7 . 3  
1 1 . 3  
0 . 4 5 
0 . 09 
0 . 0 8 
2 3 3 0  
2 0 15 

1 5 6 8 2  
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Figure 4 .  

1000� ' 

I I 10-j 
- - - -�� 

Helmke et a t .  ( 1 973); I NAA, AAS 
Hubbard et a t .  ( 1 973 ) ,  Wi esmann and 
Hubbard ( 1 975 ) 

·--.---.-� -,-----, 
� � � Th Oy � & � Th L� 

Rare Earth Element 

LEGEND: SPECIFIC � . 3 

Rare earths in 15682 .  

Rb ppn  Sr ppn 
1 . 14 130 
1 . 14 129 

TABlE 15682-3- RrSr Whole rock dilta 

87Rb/86Sr 87Br/86
Sr TBA81 Peferences 

0. 0255 . 70071 + S(a) 4.40 Nyquist et al. ( 1972, 
0. 0258 • 70048 + 5 4 - 06  'Papa.nastasS10U and wasserb.Jrg (1973) 

(a) reported as 0. 70065 :':: 8 in Wiesnann and Hubbard (1975) . 

1 22 4  
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1 5 6 8 3  FINE-GRAINED OLIVINE-NORMATIVE ST . 9A 2 2 . 0 0 g 
MARE BASALT 

IN�RODUCTION : 1 5 6 8 3  is  a f ine-grained , o l ivine porphyritic mare 
basalt which is vuggy ( Fig . 1 ) . In chemistry it is an average
to-evolved Apollo 15 ol ivine-normative mare basalt . It has an 
40Ar-39Ar plateau age of  3 .  2 7  ± 0 .  0 6  b .  y .  The sample is 
coherent but with a few non-penetrative fractures .  1 5 6 8 3  was 
collected as part o f  the rake sample from Station 9A . 

PETROLOGY : 1 5 6 8 3  is  a fine-grained , ol ivine-phyric mare basalt 
( Fig.  2 ) . The o l ivines are less than l mm across . Pyroxenes and 
small o l ivines are granular and partly enclosed by plagiocl ase , 
which are generally irregular laths up to l mm long . Cristo
bal ite , fayalite , chromite , ulvospinel , and ilmenite are also 
present . Steele et al . ( 19 8 0 )  reported analyses for minor 
elements made with the ion probe : 14 ppm Li , 13 3 0  ppm Mg , 3 8 0  
ppm K ,  3 2 5  ppm T i , 2 9 0  ppm S r ,  and 2 0  ppm Ba for a composition of 
An90.5 • The data are s imilar to those of  other mare basalts . 

CHEMI STRY : Bulk analyses are listed in Table 1 and the rare 
earths shown in Figure 3 .  The sample is  an Apollo 15 olivine
normative basalt ; the high Ti , the rare earths , and the low MgO 
indicate that it is a rather evolved variety . 

RADIOGENIC ISOTOPES AND GEOCHRONOLOGY : Husain et al . ( 19 7 2 ) 
reported an 40Ar-39Ar plateau age of  3 .  2 7  ± 0 .  0 6  b .  y . , and a 
K-Ar age of 2 . 8 6 b . y . Husain ( 1974 ) presented the Ar stepwise
heat ing release isotopic data and revised the plateau age to 3 . 3 6 
± 0 . 0 3 b . y .  Only 2 9 %  of  the argon is  released in the plateau 
region . 2 3 %  of the 40Ar* had been lost and the K-Ar age was 2 . 9 5 
± 0 . 0 7 b . y .  

RARE GAS AND EXPOSURE : Husain et al . ( 1972 ) reported a 38Ar-Ca 
exposure age of 2 9 0  ± 19 m . y . , revised to 3 10 ± 14 m . y .  by 
Husain ( 19 7 4 )  in which ·the Ar stepwise heating release isotopic 
data are tabulated . 

PROCESSING AND SUBDIVIS IONS : Chipping produced 
, 2 was used to produce ·thin sections 1 2 and 1 8 .  
used for chemical and isotopic ana lyses . 1 0  is  

1 2 2 5  

p ieces , 1  to 
Other chips 

now 19 . 2 5 g .  

' 4 . 

were 



1 5 6 8 3  

Figure 1 .  Pre-chip view o f  1 5 6 8 3 . S - 7 1 -4 9 8 8 7  

Fig. 2 a  Fig. 2 b  

Figure 2 .  Photomicrographs o f  1 5 6 8 3 , 8 .  1�idths about 3 mm . a)  
transmitted l ight ; b)  crossed polarizers . 

1 2 2 6  



TABU: 1 5683-1 . Bulk nxk chemical 
analyses 

, 4  
sin? 45.8 
'I'i02 2 . 91 
Al203 8 . 04 
FeO 22.8 

, 3  

���------�9�-60�--------� cao 9. 37 9 . 2  
Na20 0. 297 
K20 0. 053 
P205 
Sc 
v 
Cr Mn 
Cb 
Ni 
R> 
Sr 
y 
Zr Nb 
Hf 
Ba 
Th 
u 

la 
Ce 
Pr 

40.5 

3970 
2130 

49 

0 . 8  

2 . 5  

5 . 26 
14.6 

0 . 041 

N:l _-;1c:_L;_;1�-------
;rn ---

-
-- 4 . 20 

Eu 0 . 98 
ru 5. 6 
Tb 0.93 
Dy 5 . 96 
fb 1 . 06 
Er 2 . 9  'lln Yb 
ill Li Be 
B 
c 
N 
s 
F 
C1 
Br 
Cu 

2 . 44  
o .  362 

Zn ________ �3�(a�) ____ _ -(HJt·f· I 
At 
Ga 
Ge 
y;;;;-- · -
Se 
Mo 
'!\:; 

4100 

�-- --------------

Rh F\'1 
A:J 
Cli 
In 
Sn 
Sb 
Te 
Cs 
Ta 
w 
Re 
Os 
Ir 
pt At; 
Hg 
T1 

38 

------- Bi·-----��---=� 

References anj methcds: 

( 1 ) Helmke et al. ( 1973 ) ;  INAA, RNAA, 
AAS. 

----

( 2 )  Husa.in ( 1974 ) ;  Ar-isotopes , 
irradiaticn. 

N:ltes: 

(a) :<:_ 1 wn 

1 2 2 7  

1 5 6 8 3  
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Fi_gure 3 .  Rare earths in 1 5 6 8 3 .  

:ooo� 
! 

m 
!OC -

�-----'!r-.. --�,��//'-----"'� ' ' !0� 

,4  

La Ce P,o No 

- Helmke et a l .  ( 1 S'73 ) ;  !NAA, RNAA 

Rare Earth Element 

LEGEND: SPECIFIC 

--··--·····-- . . ··--

3. 3 -

3 . 1 -

2. 9r-

2. 71- 700" 

. 
0.2 

3.89*0.39 

___,..,===::J r ICIOO• 1200" 
Age = 3.36 :1: 0.03 x 109 y 

eoo• 

900" 

15683,3 

I I 
0.4 0.6 0. 8 

CUMULATIVE FRACTIOOS OF 50Ar• 

40Ar-39Ar pl ateau age for 1 5 6 8 3  ( Husa in , 19 7 4 ) . 
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1 5 6 8 4  

1 5 6 8 4  GLASS CONTAINING MARE BASALT CLASTS ST . 9A 1 . 4 0 g 

INTRODUCTION : 15684  is a fragment of glass which contains small 
clasts , the most prominent of which is a shocked pyroxene-phyric 
mare basalt ( Fig . 1 ) . The shock has converted the plagioclase to 
maskelynite . The glass composition more closely resembles 
quartz-normative mare basalt than it does any regol ith . Zap pits 
are present in varied amounts around the sampl e ;  one side appears 
to have none . 15684  was col lected as part of the rake sample 
from Station 9A. 

Figure 1 .  Pre-chip view of 15684  showing basalt clast . 
S -7 1 - 4 9 8 4 0  

1 229 
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PETROLOGY : Most o f  1 5 6 8 4  is a black glass apparently formed in a 
singl e event , but the thin sections are dominated by a pyroxene
phyric basalt clast ( Fig . 2 ) . The glasses in the sample were 
described and analyzed by Schaal and Harz ( 19 7 7 ) . The glass coat 
is ves icular with flow structures ,  and covers nearly the entire 
basalt clast in thin section . It formed a thermal aureole in 
many grains that it coats , with edge melting visible in pyroxene 
grains . The glass is mainly yel low-green .. There are colorless 
and reddish brown schlieren with flow bands consisting of al igned 
opaque phases . Other smaller glass fragments are present ; 
analyses were tabulated by Schaal and Hor�� ( 19 7 7 )  and shown in 
Figure 3 .  Most of the glass coat more closely resembles Apollo 
15 mare basalt than Apollo 15 regolith , so appears to have formed 
directly from a basaltic substrate . 

Fig. 2a 

1 230 
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Fig.2b 

Fig. 2c 

Figure 2 .  Photomicrographs of 1 5 6 8 4 , 3 .  Widths about 3 mm . a )  
exterior glass (bottom) and basalt ( top ) ; transmitted 
l ight . b )  pyroxene-phyric basalt clast ; transmitted 
l ight . c) as b ) , crossed polarizers , showing that all 
plagioclase is  at extinction ( maskelynite) . 

1 2 3 1  
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The basalt was described with microprobe ctnalyses by Dowty et al . 
( l9 7 3 a ,  b ,  c ;  197 4 ) , Nehru et al . ( 19 7 3 ) , and Schaal and Hor z  
( 19 7 7 )  ( Figs . 4 ,  5 ) . According to Dowty E!t al . ( 19 7 3 a ,  b ;  1 9 7 4 )  
it i s  pyroxene-phyric and s o  severely shocked that the plagio
clase is  mostly isotropic and melted locally . The groundmas s  
cons ists of large subradiating pyroxene and plagioclase laths . 
Dowty et al . ( 19 7 4 ) reported 3 6% phenocrysts ; shock e ffects 
precluded useable x-ray patterns . Schaal and Horz ( 19 7 7 ) 
reported a mode o f  6 6 %  clinopyroxene (mainly pigeonite ) ,  2 8 %  
plagioclase (mainly maskelynite ) ,  about 8 %  ilmenite , and traces 
of kamacite and troilite . They listed microprobe analyses £or 
augite , pigeonite , maskelynite , and ilmenite ( see also Fig . 5 ) . 
The moderate shock e ffects are pervasive and indicate peak 
pressures of less than 4 5 0  Kbar .  Pyroxene grains are granulated 
and mosaic , and some contain closely spaced fractures and shock 
lamellae . Lofgren et al . ( 197 5 ) , in a comparison of the texture 
( as reported by Dowty et al . ,  19 7 4 )  with those produced in 
dynamic crystallization experiments on an Apollo 15 quartz
normative mare basalt composition , inferred a cool ing rate of 
less than l°Cjhr for the phenocrysts and l·-5°C/hr for the matrix 
of the ba salt . 

BASALT 1 5684,3 

• MASKEL YNITE 
• PIG£0NITE 
.. AUGITE 
• II.MfNITE 

• . 

APOLLO 15 PIGEONITE 
BJ\SALTS (PA.PIKE 
et al, 1976) 

MgO ����---"--"---"-· .• � roo2 

F igu re 3 .  Composit ions of glass in 1 5 6 8 4  ( Schaal and Horz , 
1 9 7 7 ) . 

1 2 3 2  



1 5 6 8 4  

CHEMISTRY : A defocussed beam microprobe analys i s  of the basalt 
( Tabl e 1) is not particularly definitive even as to bas alt type , 
and probably is subj ect to severe errors ( note that it was 
normal i zed to 1 0 0 % ) . The high S i02 and low Ti02 are cons istent 
with a quartz -normative mare basalt . 

·�-· ' X 
I X X 

I X 
I 

� X X 

\ 1 5 6 6 4  

En 

� -����--�-�-�-�-
F

, 
PyroKene compositiOn (mole "'ol 

100 90 80 70 60 
no olivine 

50 40 '0 
Fo�ter1te content of ohv.ne (mole%) 

... . ICO 90 80 ,0 60 50 4 0  '0 
Anonhite content of pla��octose (mote%) 

2Ti 

Somel group mtnerals 

A I  

20 10 0 

20 10 0 

1-l "I · :  . . . I 
� · r'. 
'?-o 4 

I . , 
c 2 � 1 :  I . 

L- --� --� 
0 � 0 ,.  ( f Fe/Fe ,. MQ 

Compos it ions of minerals in 15684  pyroxene-phyric 
basalt clast ( Dowty et al . ,  197 3b) . 
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PROCESSING AND SUBDIVISIONS : Chipping was made to include the 
l arger basalt fragment visible in Figure 1 ,  and produced chip , 1 , 
which was used to make thin sections , 3  and , 4 .  In 1977 , more 
chipping produced , 6  ( chips ) , and , 7  (two small chips of exte r i or 
glass ) . , 7  was partly used to make thin section , 9 .  , o  is now 
0 . 6 3 g .  

Oi -'� 

. 

EnL __ _  _ 
...... 

·. 
. . . 

...,_ Hd 
1 5684,3 

. . . . . . . 

\ -, 
\ 

\ 

Figure 5 .  Compositions of pyroxenes in 1 5 6 8 4  pyroxene-phyric 
basalt clast ( Schaal and Horz , 197 7 ) . 

TABLE 15 6 8 4 - l . Defocussed beam microprobe bulk 
ana lysis ( Dowty .E"_t_ al_ . , 1 9 7 3 a , b )  
( normali zed to 1 0 0 % )  

wt % S i02 4 7 . 6  
Ti02 l .  4 5  
Al 203 8 . 4  
FeO 2 1 . 5  
MgO 10 . 8  
cao 8 . 9  
Na20 0 . 3 3 
K20 0 . 0 5 
P205 0 . 0 3 

ppm cr 3 8 65 ( a )  
Mn 2 2 !5 0  (b )  

( a )  reported as - 3 6 3 0  in Dowty et a:L . ( 19 7 3 b )  
( b )  reported as - 2 1 7 0  in Dowty et a:L . ( 19 7 3 b )  

1 2 3 4  



1 5 6 8 5  

1 5 6 8 5  REGOLITH BRECCIA/GLASS ST . 9A 0 . 8 0 g 

INTRODUCTION : 1 5 6 8 5  is a small , angular fragment which appears 
to be dominantly a regol ith breccia with small ( l ess than l mm) 
cl asts , and possibly some black glass ( F i g .  l ) . It has never 
been allocated or subdivided . 

Figure 1 .  Sample 1 5 6 8 5 . S - 7 1 - 4 9 8 7 5  

1 23 5  
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1 5 6 8 6  REGOLITH BRECCIA/GLASS ST . 9A 0 . 9 0 g 

INTRODUCTION : 1568 6 is a small , angular fragment which appears 
to be dominantly a regol ith breccia with ::;mall ( less than 1 mm) 
clasts , and some black glass ( Fig . 1 ) . It has never been 
allocated or subdivided . 

Figure 1 .  Sample 1568 6 .  S - 7 1-4 9 8 7 1  

1 23 6  
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1 5 6 8 7  AGGLUTINITIC GLASS ST . 9A 1 . 4 0 g 

INTRODUCTION : 15687  is a vesicular , agglutinitic , black glas s ,  
containing small mare basalt and mineral fragments ( Fig.  1 ) . It 
was collected as part of the rake sample from Station 9A . 

Figure 1 .  Pre-saw view of 15687 . S-71-4 9 8 8 0  

1 2 3 7  
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PETROLOGY : 15687  is  an agg1utinitic glass which is vesicular 
( Fig . 2 ) . Steele et al . ( 19 7 7 )  described it as cons isting of a 
fine-grained or glassy matrix ( 6 0 % ) , 15% l ithic clasts (mare 
basalt ) , 15% mineral clasts , and 10% poros ity . Two clasts 
contain high-Fe plagioclases , and mare pyroxenes ( Fig . 3 ) . They 
have roughly equal amounts of plagioclase and pyroxene which are 
small ( 0 .  2 mm) . 

PROCES S ING AND SUBDIVISIONS : One small piece was sawn off  one 
end ( , 1 ) and used to produce thin sections , 6  to , 8 .  , o  is now 
1 .  3 4  g .  

Figure 2 .  Photomicrograph of 15687 , 7 .  Widt:h about 3 mm . 
Transmitted l ight . 

1 23 8  



Figure 3 .  

1 5 6 8 7  

Compos itions o f  pyroxenes in two mare basalt clasts in 
15687  ( Steele g_t al . ,  1 9 7 7 ) . 

1 2 3 9  
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1 5 6 8 8  AGGLUTINITIC GLASS ST . 9A 5 .  3 0  g 

INTRODUCTION : 1 5 6 8 8  is a ves icular agglut.initic glass containing 
small fragments which are dominantly mare basalts ( F ig .  1 ) . In 
chemistry it is s imilar to an Apollo 15 mare basalt . 15688  was 
collected as part of the rake sample from Station 9A.  

PETROLOGY : Dowty et al . ( 19 7 3b )  described the sample as a 
monomict microbreccia cons isting of mare basalt . It is a dark 
vesicular glass conta ining clasts of mare basalt , perhaps of the 
ol ivine-phyric type , and very few , if  any , clasts of other types . 
McKay and Wentworth ( 19 8 3 )  found it to be compact with a high 
fracture poros ity , rare agglutinates and spheres , and abundant 
shock features . McKay et al . ( 19 8 4 ) and Korotev ( 19 8 4  
unpubl i shed ) reported I5/Fe0 of 0 ( for , 13 ) , i . e . , totally 
immature . However , the measurement was probably made on a basalt 
fragment . 

Fig. l a  

Fig. l b  

Figure 1 .  Pre-spl it views of 15688  a )  S - 7 1 -4 9 8 4 1 ;  b )  S -7 1-4984 2 .  

1 240 
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CHEMISTRY : Two analyses are l isted i n  Table l ,  with the rare 
earths shown in Figure 2 .  Helmke et al . ( 19 7 3 )  cons idered 15688  
to  be a basalt ; their analysis showed 3%  normative olivine but 
they tentatively identified it with the quartz -normative basalt 
group . It is not clear what they analyzed , but it is  clearly 
only barely if  at all contaminated with KREEP and may wel l  be a 
basalt clast . Helmke and Haskin ( 19 7 2 )  reported the same data 
but with Hf as 7 ppm ( e.rroneous) , Cr as 4 2 0 0  ppm , and Zn as less 
than 5 ppm (they also erroneously labelled the sample 1 5 6 6 8 , 2  
instead of 15688 , 2  in one table ) . The analys is o f  Korotev ( 19 8 4  
unpubl ished ) was , from data pack information, clearly made on 
basa lt , not glassy frag·ments . The data are not clearly equatable 
with e ither an o l ivine--normative or  a quartz -normative mare 
basalt ; FeO and MgO sug·gest olivine-normative , whereas Ti02 and 
S i02 (by difference )  suggest quartz -normative . 

I �� ·r - - � -

La Ce Pr 

* , 1 3  Korotev ( 1 984, unpubl i shed l ;  INAA 
, 2 Helmke et a l .  ( 1 973 ) ,  Helmke and Has k i n  

( 1 972 ) ;  I NAA, RNAA 

* Gd value calcul ated. 

r · -� - - � ----y ---,-- r ---T -T - r r- - ,-

Nd � � � lb � � � lm Th .u 

Rare Earth Element 

LEGEND SPE:IFIC � , 13 t -H , 2 

Figur� . Rare earths. on 15688  materials . 

1 24 1  



1 5 6 8 8  

PROCESS ING AND SUBDIVIS IONS : 15688  was sawn to produce , 1 ; a 
small piede , 2  was also removed at the same time . , 1  was potted 
and partly used to make thin sections , 7  through , 1 0 ,  all of  
whic� are do�inantly bubbl¥ �gglutinitic glass . , 2  was used for 
chemical analysis . In 1 9 8 3  interior matrix chips were removed 
( , 13 )  leaving a mixed set df glass and basalt chips ( , 14 ) . In 
data records , , 1 3 appears to be entirely mare basalt chips , 
accounting for the low I./FeO measured . , 0 is now 3 .  56  g .  

1 2 42 



TABLE: 1 5688-1 . Olenical analyses of 
15688 materials 

' 2  , 13 
Wl---�---------src)2 

Ti02 
A.l203 

47 . 7  
2. 34 
9 . 93 
20. 8 
9.92 

2 . 08 
8. 4 

2 2 . 7  
10.4 

TF!niT 

FeO 
M:JO 
Q\0 
Na20 
K20 
P205 
Sc 
v 
Cr 

Mn 

Co 

Ni 

Rb 

Sr 

y 

Zr 
l'� 
Hf 
ila 
'lh 
u 
Eb 
Ia 
Ce 
Pr 
ttl 
91\ 
fu 
G:l 
1b 

Dy 
fb 
Er 
'fu: 
Yb 
Lu 
Li 
Be 
B--· 

c 

N 
s F 
CJ 
Br 
OJ 

9.93 
0. 344 
0. 074 

8 . 8  
0 . 265 

39.5 42.6 
180 

4160 4050 
2080 2140 

54 54.6 
63 

1 . 3 
70 

70 

2 . 8  2.45 
47 

0.24 
<0. 2 

6 . 62 4.61 
17.6 13. 5 

13. 3 
4.45 
0.99 

5 . 7  
0 . 95 

6. 2 
1 . 14 

2 . 1  

2 . 90 
0. 394 

8 
3 . 17 
0.86 

0.70 

2 . 05 
0. 272 

Zn 5 ( a )  (py-{�)-- ---:r�-��-�----��-

1\t 
Ga 
Ge 
As 
Se 
'b 
Tc 
Ru 
Rh 
Rl 
hj 

3700 

Cd -�--

In 
Sn 
Sb ���------�-
Cs 47 60 
Ta 420 
w 
Re 
Cls 
lr 
Pt 
Au 
I'" 
T1 
Bi.. -

-- -------------�· 

<2 

<4 

References and methc:ds: 

( 1 )  Helmke et al. ( 1973 ) ,  Helmke and 
Haskin (1972 ) ;  INAA, RNAA, AAS .  

( 2 )  I<Drotev ( 1984 unpulished ) ;  INAA. 

N:::rtes: 

(a) ± 2 ppn 

1 24 3  
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15689  REGOLITH BRECCIA ST . 9A 2 . 8 0 g 

INTRODUCTION : 1 5 6 8 9  is a regolith breccia containing white 
clasts (biggest about 5 mm) ( Fig . 1 ) . It was originally 
described as unique on account of its bright , orange-brown , 
sugary clasts . One white clast is a fragment of pristine (but 
shocked) norite . 1 5 6 8 9  was collected as part of the rake sample 
from station 9A.  

PETROLOGY : 15689 i s  a regol ith breccia cons isting o f  a pale 
brown fine matrix containing mineral and l ithic clasts , 
devitrified brown glass , and pale yellow glasses . One large 
clast is a norite ( Fig . 2 ) ; other l ithic clasts include a fine
grained highlands granul ite and a fine-grained subophitic
intersertal impact melt ( s imilar to Apollo 16 "VHA ' s " ) . Steele 
et al . ( 19 7 7 )  reported a mode of 5% glass , 6 0 %  l ithic clasts , 15%  
mineral clasts , 2 0% fine matrix , and 0%  porosity for one thin 
section . The large proportion of " l ithic clasts" results from 
the s ingle large clast of norite , which cons ists of low-Ca 
pyroxene and maskelynite . This clast ( clast B )  has a 4 mm 
pyroxene and is s imilar to pristine norite 7 8 2 3 5 .  The pyroxene 
is about En74Wo3 ( Fig . 3 ) , and the plagioclase is An91 with low 
iron . There is minor equigranular diops ide (Al203 about 1 % ) , and 
several veins , s imilar to other norites , in which there are 
chromite , whitlockite , ca-Cr-Zr armalocolite , a K-Na-S i-Al phase , 
diops ide ( Al203 about 4 % ) , troil ite , and metal . Metal analyses 
are l isted in Steele et al . ( 19 7 7 )  and are non-meteoritic ( about 
Co 2 . 7 % ,  Ni 5 . 7 % ) . Hansen et al . ( 19 7 9 )  reported microprobe 
minor element data for plagioclase (An92_5 ) in the norite : Mgo 
0 . 0 3 9 % ; FeO 0 . 0 3 9 % ,  K20 0 . 0 5 8 % . Steele et al . ( 19 8 0 )  reported 
ion probe trace el ement data for the plagioclases in the norite 
(An92 3 ) :  Li 11 ppm , Mg 2 3 0  ppm , Ti 2 5 0  ppm , Sr 2 9 0  ppm , Ba 3 0 0  
ppm . · Part o f  thi s  data was plotted i n  count form i n  Steele and 
Smith ( 19 7 9 ) . Steele et al . ( 19 7 7 )  also reported a smal l  shocked 
intersertal clast with " l arge "  plagioclases ( 0 . 4  mm) and minor 
pyroxene . The plagioclases were high ca and l ow Fe , i . e . , 
highlands . Oliv ines and pyroxenes were analyzed ( Fi g .  3 ) . 

F igure l .  Pre-chip view of 156 89 . S-7 1-· 4 9 8 14 
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1 5 6 8 9  

PROCES SING AND SUBDIVISIONS : Chipping produced a single chip 
( , 1 ) which contained the white norite clast ; this does not appear 
to be the large clast seen in Figure 1 .  , 1  was partly used to 
produce thin section , 6  and , 7 .  Some small chips ( , 2 )  were also 
chipped off . , o  is now 2 . 1 0 g .  

Figure 2 .  Photomicrograph of 15689 , 7  showing pristine norite 
clast . Width about 3 mm . Transmitted l ight . 

Figure 3 .  Pyroxene and olivine compositions in 
15 6 8 9 . "A" is the pristine norite . 
( Steele et al . ,  197 7 ) . 
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1 5 6 9 5  MEDIUM-GRAINED OLIVINE-NORMATIVE ( ? )  ST . 9A 10 . 6 7 g 
MARE BASALT 

INTRODUCTION : 15695  is a vesicular,  medium- to fine-gra ined mare 
basalt ( Fig . 1 ) . It consists of about 3 0 %  white laths ( plagio
clase ) , 2 5-30%  honey brown pyroxene , and the rema inder is a dark 
mafic mineral or glass . Olivine is not readily apparent , but the 
ves icularity suggests an ol ivine-normativ1� basalt . The sample is 
medium l ight-gray , angular to subangular , and coherent . The 
vesicles are smooth-walled , and up to 2 mm acros s .  The sample 
has no zap pits . 15695  was col lected as part o f  the rake sample 
from Station 9A,  but was separated from the rake fines ( 1 5 6 0 0 )  
only in 1 9 7 5 . I t  has never been subdivided or allocated . 

Figure 1 .  Sample 15695 . S-75-3 3 9 6 2 
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1 5 696 

1 5 6 9 6  MEDIUM-GRAINED OLIVINE -NORMATIVE ( ? )  ST . 9 A  1 2 . 8 3 g 
MARE BASALT 

I NTRODUCTION : 1 5 6 9 6  i s  a ves i cular , medium- to f ine-gra ined mare 
basalt ( F ig . 1 ) . It cons i sts of about 3 0 % white l aths ( p l agio
clase ) , 2 5 - 3 0 %  honey brown pyroxene , and the rema inder is a dark 
maf i c  mineral or glas s . Ol ivine is not readily apparent , but the 
ves i cularity suggests an ol ivine-normative basalt . The sample is  
medium l ight-gray , angular to subangu l a r ,  and coherent . The 
vesicles are smooth-wal l E!d , and up to 3 mm across .  The s ample 
has no zap p its . 1 5 6 9 6  was coll ected as part of the rake samp l e  
from Stat i on 9 A ,  but was separated from the rake f i n e s  ( 15 6 0 0 )  
only i n  1 9 7 5 . It has never been subdivided or a l located . 

Figure 1 .  Samp l e  1 5 6 9 6 .  S - 7 5 - 3 3 9 5 9  
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1 5697 

15697 FINE-GRAINED OLIVINE-NORMATIVE ( ? )  ST . 9A 4 . 13 g 
MARE BASALT 

INTRODUCTION : 15697  is a medium dark gray , coherent , vuggy 
basalt ( Fi g .  1 ) . It is fine-grained but has clear yellow-green 
mineral s  up to about 1 mm long which may be olivine phenocrysts ; 
most plagioclases and brown pyroxenes are much less than 1 mm 
across . the sample has apparently welded dust over much of its 
surface but zap p its were not observed . 15697  was col lected as 
part of the rake sample from Station 9A,  but was separated from 
the rake fines ( 15 6 0 0 )  only in 19 75 . It has never been 
subdivided or allocated . 

Figure 1 .  Sample 15697 . S - 7 5 - 3 3 9 6 4  
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1 5 698 

15698 GLASS BOMB ST . 9A 3 . 9 3 g 

INTRODUCTION : 15698  is a rounded , dark gray , tough , smooth , 
glass obj ect ( Fig . 1 ) . Small vugs ( 0 . 5  mm wide by 0 . 5  mm deep ) 
on one patch are smooth-walled . Small amounts of soil adhere to 
the smooth glassy surfacE� , but no zap pits are present . In one 
place an interior p iece of white material is exposed , and the 
thinner glas� in this area is a dark honey brown . Possibly the 
entire interior is a breccia , or the exposed material is a small 
clast in the glass . 15698  was coll ected as part of the rake 
sample from Station 9A , but was separated from the rake fines 
( 15 6 0 0 )  only in 1 9 7 5 . It has never been subdivided or all ocated . 

Figure 1 .  Sample 15698 . S-7 5-3 3 9 6 1  
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