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Mincralogy and potrography of som» Arollo 12 samples

Brian Mason, W, G. Melson, E. Po Nenderson, B. Jarvoscewleh, and J. Nelen

Snithsonian Institution, Washington, . C. 20560

Abstieact

Samwples of the Apello 1lZ fines contain fragunents of crystalline
rocks ond broeeclas, mineral grairs, and glasey particles. The

wineral grains arxe wainly pyronencs (pigeor o and augite) and

oliviwe, wilh winor amounte of plagioclﬁse and 1lmenite, and rexe

metal graiﬁs. The compositions of the matal grains indicate that

some are of melheorwitic origin and some are derived from lunar rocks.

A single pyroxene crystal has a pigeonlte core, an augite mantle,

and a rim of ferroucdenberglte, with a narrow zone of pyrouferroite
'

along a centval fLissurc. One rock fragmznt from a sample of coarse

fines (12032) is a silica-rich hedenbergite granophyre, consisting

- of senidine (50%), quartz (30%), hedenbergite (10%), plagioclase (7%),

fayalite (3%), and accessory apatite, whitlockite, and zircon. A
complete cheriical analysis of 12001 fines has been made, and also
a determination of the water-soluble cations, a noteworthy feature

being the presence of 103 ppm water-soluble calcium,
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We received thc.follcwing'sumblus from th§ Apollo li gollcctiods:,
¥ines (~1wm): 12001 (3.0 g); 12003.(6.5 8); 12033 (0;5'3)}.

12042 (0.5 g); 12057 (2.0 g); }2679-(2.0 g) |
Coarse fines: (L mm = 1 cm): 1';;032 0.5 5)
Rock sections: 12009, 12022, 12045, 12051

Each sample of the fines was sicvoed ﬁhr&ggh 60'gesh (0.256 mm
oéeniug) gua 200 mésh ﬁ0.0?& nm opening) éieves. The grain-sizae,
distribution ﬁas similar iﬁ'all, the weight proportibns being: 160
mesh, 10-20%; 60~200 mesh, 20+30%; ~200 wesh, 50-60%. The £ines
contained fragﬁants of cxystalline rocks and brecclas, ﬁ;neral grains, '
and glassy paxticles. The eoavser fractions wﬁre dexs ly~separated,

‘ using methylene fedide (D = 3.32). The fraction with D ¥ 3,32 com=
prised about 30%, and consisied almost entively of gralns of pyroxene
(najor), o{ivine (minox), and opague minerals (small amount). The
fraction with D & 3.32 (about 70%)‘consiéted of rock and bregcié
fragments, glass sg;herules and fragments, and feldspa{: grains,

The =200 mesh fractionlof 12001 was further sepéxated with a
325 wesh sieve (0.044 mm opening), and a portioﬁ of the «325 mesh
fractiéh analysed. The'fesults ar; given in Table 1, along with
two analyses of Apéllo 11 fipes, The compositions of Ehe Apollo 12
ﬁ aﬁd the Apollo 11 fines are rather similar, except that the Apollo 12
",fines contain about half as much titanium as the.Apollo 11 material;
this has already been noted in»earlier‘reborts (LSPET, 1970)., Our
analyses also show distincély higher potassium and chromium;in

: Apoilo 12 fiﬁes. “8ince ﬁicrosqopic exémiﬁation~éhowed!minute

particles of metallic iron in‘thé giaséy £ra¢tioh'd§ the fines, we
attémpted to determine this in the qullé 12 fiﬁes (by dissolution
- dn kCucls solﬁbian). The figure dbtéihed; 0.33%'Fe, 1S'¢ertain1y

W_ «




Table 1. Analyses and sowsu.wm‘»@owwo ww.wﬁm Apollo 12 fines

nzlyses (weight par cent)

12001

-325 mesh
mwow : 45,83
HwOm ; 2,99
Te0 15.78
Mgl 10.28
Ca 10.03
wwo c.ww
mmow 0.22
mmon 0.00
ool 0,21
Cr New o ‘Nvm
Ni 0.933
Q 7
—— - ‘luou
101.09
S=0 0.C9
101.00

(E. Jarosewich, a2nalyst) . :
- ..\m.hu  Norms (weight wmm nmmwvw;mu_,, _

10084 1008 - L 12001 10084 - 1008
-325 mesh glass concentrate : -325 mesh -325 mesh glass con
42,02 4£3.28 in } 3.9 7.4 ¢_ .wqq
14,51 14.83 a8 ¢ 40 EEWE

6.38 5,43 oz 1.5 0.9

15.59 14.91 i “.4 0 184

7.92 7.63 By a0 2006 L

12,39 12,56 o1 70 6.2

0.45 0.48 al s 1ra

0.15 0.19 cr 0.7 . 03, -

9.27 0.17 Ap 0.5 0.6 o

0.00 0.00 Metal 6.3 ‘  - ,HgA_wh_um@

0.15 0.18 Fes N

0.17 0.10 |

0.03 0.03

- 0.13 .
100.13 99,92 .
0.07
© 99.85 .
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o mindmun value, since the procedure vould only dissolve thosc metal
particles exposed en the gurinu& of the gloss frageents, and not: those
totally caclosed, ‘ihe high surmation of the analysis of the Apollo 12
fines probably vesults firom the reporting of some metallic iron as
FeO, and possibly some trivalent titanium sé TiOz. :

The calculated mineral corpositions (uorms) of éhese analyees
show about 407 feldspar of anorthitic composition and about 45%
pyrexene, The cowpositions ane elightly undersaturated in Sioz,
giving smail awvounts of olivine. The Apollo 12 Ffines contain the
equivalent of about 5% Llmenite, compared to about 10% in the Apollo 11
material, Aftex subtyacting the 11manltc, the Fed/Te04ids0 molacuiay
percentage is remarkably similax dn all these analyscs (42 fox tha
Apollo 12, 41 and 43 for the Apollo 11 anzlyses),

Ve also determined the watare-extractable cations in Loth Apcilo 11
and Apﬁllo 12 fines, A contwol exzperiment without somple yielded loes.
than 1 ppm of the cations determined. A sample of the Allende weteorite

wvas extracted for comparison., The results are as follows (in ppia):

Na. - K - ' Mg o Ca Fe Ni.
12001 W o<5 8 108 <5 <5
10084 21 <5 16 325 &5 - <5
Mlende 238 <5 25 200 <5 <

T e

The notable feature is the comparativel& high amount of ex:raétaﬁle
caleium, cénsiderably‘iesé, hbwaﬁer, in”12001 than in 10084, The

‘ extracfable caLions are not prcsenL in the £ines as halides, since

- Reed and Jovanovic (1970) report less Lhan 2 ppm. watexr-soluble halogcns
'in 10084. The high sur£ace area and rcactivity of the fresh lunar

glass may bu reSponsible.. Tha water-extractable calcium perhaps
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explains the reported stimulating effect of lunax dust on plaunt
growth, .

Thirty grains of olivine in the Apollo 12 fines vere cnalysed
with the microprobe. The ronge in cowposition, in mole per cent
Fezs;i.q4 (Fa), is F“ZG-GO’ with no marked cowmpesitionnl preforence;

the mean is Fa4 Minor elewents detected with the nderoprobz were

1
Ca (average 0.28%), Mn (0.24%), Cr (0.14%) and Ti (0,08%). The
contents of cazleium and chrondunm are nntahly»hiéh for olivine; in
meteoritic olivines which we have measwred Ca is wsually 0,01-0.02%,
and Cr 0,02~0.0%%, This probably reflests a high taaperature of
crystallization for the lunhar olivine, and rapid chilling preventing
readjustmeni at loyer temperatures,

Some sixty pyroxens grains in the Apollo 12 fines were aleo analysed,
They showed two compositional ciustgrs, on2 £;¥ plgeonite and the other
for augite~subcalefc augite., The mean cowposition of the pigeonite
cluster 18 Woy FngoFs,,, of the augite~subcaleic auglte cluster
Wo33En40Fs27. The principal minor elements are aluminum and titanium,
The pigeonite grains average 1l.4% A1203 and 0.9% Ti0,, the augite and
subcaleic augite 2.3% Al,05 and 1.3% Ti0,.

The range of compositions shown by the isolated pyroxene grains
are essentially duplicated in a single pyroxene crystal fr;gmeﬁt
picked ftom'12057. This crystal fragment, 1;1 mn by 0.7 mm, has
~a central core of pigeoﬁite of rather uniform composition (WOloEn57F832)
with a mantle of subcalcic augit§ (w037En37F526), and on one cdge ar
na:row rimﬁof ferrohédeﬂbefgite (WoaoEn7F563), Ainarrow rift iﬁ the
central_cﬁre is lined with gthin zone 6f pyroxferroité._ Tﬁe

| individual minefals are clearly distinguished in crossed polarvs by

‘the increase in birefrigence in passing from pyroxferroite to .
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pigeonite to auglte to ferrohedenbergite. Phe compositional

variation across this gradn ds given du TiZ. 1 dn tenas of the
pyroxene end merbers, A similar pyroszene cvystal from Apollo 12
material has been dcs&ribud by Bence ct al, (1970).
Plag@oclasa grains from the Apollo 12 fines show a ranga of
composition {rom Ang, Lo Angﬁ, with a wasn of Augo. The plagio.lasc
contains detectable ivon (average 0,47% FeO), potascium (average
0,1% KZO), and titaniunm (average 0,087 T%pé).
Several metelerich paxcinles were extracted from the Apolle 12
fines by means of a hand magnet., JThe totcl awount in ary sample is
emall, making up much less than 7. Tﬁo types of mefal wexrce
distinguishs 13 one type is £inely grarilar and shove deformation
structures, the othor is coarse-grained and undeformed. Microprobe
analyses of the deforucd grains glve figures for nilekel and cobalt
comparable with those for meteoritic nickel~iron, suggestiug that
these grains have been derived from mateorite impactg on the lunax
surface, The coangngraineé undeformed mztal usually has lower
nickel concentrations than metcoritic nickel-iron, and sometimes
more cobalt than anickel; thése frégments'are brésumably indigen&us
to the Moon, pfobably formed by, localized reduction of basaltic

. miterial. One such fragnent is mesentially pue iron, with no detectable
amounts of other elements; it is extremely soft, comﬁarablg with

+

the purest strain-free iron we have been ‘able to obtain.,  This metal

' fragment contains inclﬁsionsfuffcliuing‘and ilmenite similar to
these minerals in the i@naf'basalts, from which it was,presumably

»t

derived. it



Mason » 7

Our 0.5 g sample of coavse fines (12032, from the rim of
Bench Crater) was washed with acetone to rernove dust, and then
density=Fractionated in methylene fodlide~acetone mixtures., The
density fracidons were hand-szorted wider a binoeular pleroscope
into braccla fragments and erystallive rock fragments. The results
are set out in Table 2, 4Yhe average weight of individual fraguents
is 3.5 mg, andd the percentages of brecela and crystalline rocks are
82 and 18 respectively.

Several ceystalline rock Fezgments were gselocted for detedled
exanination, ‘The most remarkuble one was a louc white fragment in
the D € 2,70 fraction, which otherwise conslsted of highly
vesiculated black broceia frasmaéts. This erystalline fragmoent,

3 wm long;provad to consigt largely of sanidine, with ninos amounts
of quartz, plagloclase, fayalite, and hedenbergite, ond accussory
zircon, apatite, and whitlockite. The composition of the individual
minerals, determinad by the microprobe, is given in Table 3, along

with the caleulated bulk composition.
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Table 2, Fractionation of 0,5 g coarse fines from the xim of

Bench Crater (12052, 46).

Number of fragments

Density Weight per cent . Breccia Crystalline rocks
2.70 8 11 1
2.,70~2,90 33 43 3
2.90-3,10 b4 | 58 6
3.10-3,32 | 12 5 ‘ 12
3.32 3 - | &

Totals 100 117 26
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granophyre (12032, 46-2)

1 2 3

840,  65.4 57,0 09,7 (diEL.)

TiOZ - -

A1203 18,6 26,8 0.28

cr,0, - - - '
Fel 0.82 1.10 n.d,

Mn0 n.d. n.d. n.d,

Mg0 ned, n.d, n.d,

Ca0 0.31 8.74 n.d.

Nazb 2.96 6.85 n.d,

K,0 11.6 0.15 -

&x0 n.d, n.d, -

Ba0 " 1.21 n.d, -

100,9 100.6 (1600.0)

n.d, = not detccted («£ 0.,05%)

1.
2,
3.
b,
5.
6.

Sanidine (OrﬁgAbZSanAnl); 50%

Plagloclase feldspar (AbssAnalorl); 1%

Quartz; 30%
Hedenbergite (WQASEnSFsSO); 10%
Fayalite (Fagc); 3%

‘Bulk'compositidn (calculated)

4
48,8
0.75
0.45
0.06
28.0
0.39
1.55
19.3
0.10

99.4

Miason = 9

Avalyses (wicroprole) of minerals in hcedenbergite

5
29,8
0.2]
0.04
0.13
67.8
0.95
© 1.22
10,67
n.d.

100.8

72,0
0.1
11.1

5.3
0.1
0.2 -
2.7
2.1
5.8

0.6
100.0
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Tha hedenberglte ond Lfogalite ave prezent as phenceryste, up Lo 1 mm
long, in a finc-grained groundmass of fuartz and feldspar, much of it in
nicrographic intergrowth. The percentages of sanidine and quantz in
this intergrowth ave epproximately 65 : 35, a cnmposition close to the
temperature mindwm on Lhe liquidus in the system K5181308 = NaAlfiiq0g

- §i0 The rock is comparable to some Lorruxtr 4l granophyres, speeifically

9
the hedenbergite granophyres of the Skacrgoaard Lntrusjon. One of these
{EG 3021) has essentilully identical minexalogy, consisting of hg‘nn;»rb;tc
(Woaqnnﬁrsso), fayalite (Fags), plagioclase (A“40)’ potash feldzpar, and
quartz and Liidymite, Lindsley et al. (L969) estimate tciperatures of
950 ~930 C and an oxyzen fupaclty ranging from 10 "13.0 to 10"13°6 alm
for the crystallization of the Skaecmgaard rock, and these figures should
be equally applicable to the lunar grancphyre.

| The .homLcal, mineralogical, and textural features of this rock
| strongly suggest that it represents the last liquid diliferentiate from
the ftactional ‘erystallization of a large body of 1unar basaltic magina
(or possibly an initial product of partial melting). ¥Iis composition
i1s similar to that of the high~ailica glassy mesostasis of many of thc.
Apollo 11 igneous rocks, dgscribeq_by Roedder and Weiblen (1970). It
is also compar&éle with the light-colored, silica=-rich parts of the
. unique rock 12013. Whethér it was forméd at'or near thé 1ocalefof the
Apollo 12 1anding,ror whether it is an. exotic fragment, possiblv' from
a COpernicus ray, r»mains an opcn question.

This work has been Snpborted by NASA Contract 9-8016.

L )
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