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PRELIMINARY RESULTS FROM MbSSl3AUER INSTRUMENTAL
ANALYSIS OF APOLLO 12 LUNAR ROCK ANll SOIL SAMPLES

•	 ^ C. L. Herzenberg, R. B. Moler,^ ` and D. L. Riley
'	 IIT Research Institute, Chicago, Illinois, ^a0616

ABSTRACT

Nuclear gamma resonance measurements stww that iron is

^
enerally abundant in Apollo 12 lunar samples, and is predominantly
n the ferrous state.

Substantial differences among the spectra of Apollo 12
crystalline rocks indicate considerable diversity in the phase
distribution of iron, reflecting significant differences in
modal mineralogy. Two different magma types are distinguish^!d
on the basis of Ml^ssbauer analyses. Mb^ssbauer analyses indicate
that Apollo 12 rocks are generally olivine rich and ilmenite
poor, with respect to Apollo 11 crystalline xocks.

Spectra of various Apollo 12 soils are remarkably similar
to each other, but different from Apollo 11 soil .spectre, y^sggesting
that the Mbtssbauer spectra provide regional soil signatures.
Ilmenite and metallic iron are less abundant, and olivine more
abundant in Apollo 12 soils relative to Apo11,o 11 soils. Possible
e^ridence for a resonance associated with the cryptic component
in the fines has been found.

The unusual microbreccia 12013 exhibits resonance
indicating the presence of the ma3or lunar minerals, with both
olivine and ilmenite less abundant than in any other Apollo 12
sample examined. In the spectra of this particular sample we
observe anomalous resonant absorption features, which we
tenatively associate with the dark lithology and with a history
of intense shock.

•^•

^,
^y

'^ Co^autk^or, but not ca - investigator.
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This	 apaper presents	 preli►ninary summary of results

obtained from M^lssbaurr effect apectiometric analysis of

Apollo 12 samples.	 The complete report (to be published

later) will be a sequel to our earlier major report on

MNssbauer effect spectrometry of Apollo 11 samples jHerxenbarg

and Riley, 1970A].

The studies rFpoxted here proceeded by exam3.ning the

nuclear gamma resonance of the nuclide Fe57 which is naturally

present in lunar material.	 The general procedures and equipment

in	 Apollo 11are similar to those employed	 our previous study of

material ^Herzenberg and Riley, 1970x, 1970b].

. Rock chips , specie 11^^ mounted thin sect ions (or p^ obe

mounts), and rock powder. samples representing four lunar

crystAllinc roctcs returned on kpolio 12 nave been stiudieci.

^. Powder samples representing one microbreccia (12013) and three

soils have also been studied.	 Rock chips were analyzed using

.` Mbfssbauer scattering spectrometry ^Herzenberg and Molar, 1970;

Heraenberg et al., 1971], while measurements on the other specimens

were conducted	 rimaril	 in the transmission mode.P	 Y^-

^ A spectrum from Apollo 12 sample 12002, a medium grained

' holocrystalline basalt, is shown in Figure 1. This nuclear

gamine resonance spectrum `was measured in transmission through

a thin sample of powder. From the intensity and location of the

m	 absorption resonances it may be concluded that this Apollo 12

^:	 ^	 sample contains an apprc:cfable abundance of iron, and that the
R ^
	 ^

',',^^
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iron ie predon ►inantly in the Fe2} oxidation state. It also

follows from the particular resonances present in this spectrum

that this Apollo 12 specimen contains as mayor ^rinerals pyroxene,

^	 n livine, and ilmenite, which were all previously identified in

Apollo 11 material j:^erdenberg and Riley, 1970a, 1970b) . The

^	 relative intensities of the resonances indicate however, that

the distribution of iron among the mineral phases is quite

o afferent than in Apollo ll material. 	 This implies that the

. medal mineralogy is also quite different than for Apollo 11

crystalline rocks.	 On thcT basis of eomputer fits to room

temperature spectra (using up to 8 -lines, or 2S free parameters),

.	 • and a 6-line	 19 free	 ar3mete^: cam uter fits	 P	 P to a s ectrumP	 .•

measured with the ,ample at SO°K, cts well as additional areal

analyses of these and other spectra without the use of computer

fitting, we have obtained from the M^3ssbauer absorption spectra
.^,	 ,

the intercrystalline phase distribution of . iron in thiE rock

(Table Z). From the data presented in Table I, we have also

calculated the weight percentages of minerals. present in this

sample (Table II).	 Among the signifieant differences between

Apollo 11 and Apollo 12 material that inay be inferred from this

s ectrum andP the tabulated analytic data, are the considerably

reduced ilmenite content and the increased olivine content of

the Apollo 12 material relative to Apollo 11 material.

^^
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i Figure 2 shows a spectrum measured for Apollo 12

crystalline rock 12063, a fine grained ilmenite microgabbro.

This Apollo 12 rock shows spectra more like those of Apollo 11

material than does any other Apollo 12 sample we have examined.

.*	 In the classification of Apollo 12 crystalline rocks into two

magma types proposed by J. L. Warner r19701 rWakita et al.,

1

1971] , this is a magma type 2 rock. it is of interest to compare

this spectrum with spectre of magma type 1 rocks, such as the

Apollo 12 crystalline rock 12020 (Figure 3). It is clear that

the ilmenite resonances are much reduced in the magna type 1

rocks, reflecting an ilmenite content lower by a factor of 2

(see Tables I and II). The relative ease of distinguishing rocks

of the major Apollo 12 magma-types on the basis of their

M8ssbauer spectra suggests, this technique may have a future

role in studying lunar volcanic stratigraphy.

Figure 4 shows a MBssbauer hyperfine absorption spectrum

for a sawcuttings sample for the unusual microbreccia 12013.

12013 is a complex heterogenous rock type exhibiting a unique
t

chemical composition, and age measurements indicate it contains

exceptionally old lunar material rLSPET, 1970; Earth and

Planetary Science Letters Special Issue, 1970]. The spectrum,

while similar to the spectra of other Apollo 12 samples,

exhibits marked differences. Contributions from Fe 2* in

pyroxenes, olivine, and ilmenite are present in the spectrum

of this microbreccia; however, the results indicate that less

olivine and less ilmenite are present in this microbreccia than

are present in any other Apollo 12 sample we have examined



d

(including both crystalline rocks and fines). 	 Additional spectra

^r measured over a greater velocity range show more intense metallic

iron resonances than have been observed for Apollo 12 crystalline

k	 In addition to the spectral features rh ich this 	 lesamrocks.	 P	 P

shares with the Apollo 12 crystalline rocks, there are certain

• unusual features which, while not dominant in the spectrum, are

quite apparent when detailed comparisons are made between spectra

from this rock and spectra from other samples. 	 These features

include a notable excess of resonant absorption in the spectral

region occupied by the lower members of the quadrupole doublets

for the major paramagnetic minerals, as compared with the region

occupied by the corresponding; upper resonances. 	 Another feature

evident in the spectrum is the excess absorption throughoutP	 P	 g

the region between the paramagnetic doublets, which cannot be
r

accounted for in terms of the resonances observed in the

crystalline rocks alone.	 Minor absorption excesses are observable

;dust outside the major paramagnetic peaks also. 	 The origin of

these anomalous features is still under investigation. 	 Our

_ previous studies on intensely shocked terrestrial basalt

rHerzenberg and Riley, 1970c, and unpublished results), suggest

that some of these features may have originated during a history

of intense shock, which is in agreement with other observations

of the presence of shock features in this rock rJames, 1971].

MBssbauer hyperfine spectra of the three lunar soil

samples (12032, 12033, and 12037) are.shown in comparison in

Figure 5, '., The similarity in the spectra of the three Apollo 12

soils is evident.	 The distinctively different character of

LA

4
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these spectra from the spectra characteristic of Apollo 11 	 j

soils rHerzenberg and Riley, 1970a, 1970b] may also be noted.

Preliminary estimates for the phase distributions of

iron in these lunar soils, as determined From these and other

are given 	n	 espectra,	 n i	 Tabl	 II	 om Comparison	 corresponding g	 I.	 C	 p	 son with corr spon ing

results for Apollo 11 sails tHerzenberg and Riley, 1970x] shows

that the Apollo 12 soils have a distinctly different composition.

The Apollo 12 soils, for example, are reduced in ilmenite content

by a factor of approximately 2.5 relative to the Apollo 11 soils.

Furthermore, the Apollo 12 soils contain considerably less

magnetic material than do the Apollo 11. soils.	 Thus, we find

that the Apollo 12 soils are reduced in metallic (alpha) iron

content by about a factor of two relative to Apollo it soils.

a	 observed in the case with A ollo 11. samples	 ltousleAs was	 . P	 P	 I	 Y

et al., 1970], the ratio of metallic iron to iron in troilite 	 k

appears to be systematically greater in the fines than in the

crystalline rocks.	 It is also of interest that all the spectra	 1

suggest smaller amounts of glasses that do not show devitrified

resonance characteristics, in comparison with Apollo 11 fines 	 w

l'
jHerzenberg and Riley, 1970a],

l
As indicated in Table III, the Apollo 12 lunar fines i

spectra all show a minor anomalous .feature not generally

present in the crystalline rock spectra, namely, an absorption	
.1

excess in the low velocity region (the region occupied by the

lower members of the paramagnetic doublets).	 The origin of this

feature is still under study, and the possibility that it may

be an experimental artifact has not yet been ruled out.	 We

find it of some interest that this feature, which is generally

- 4. r tea+,..	 R ... W't.: ^ki'y[$-':Y^]!:ksFE..k.L Y.'b}...'r.'.'.Ht..r'I VR..Nta..N.• ..•yy: .iwtw N'!" r11.'i l...t. •	 w	 t,.....p, .r'wrineK'	 R rwM tr- ww	 X-..,..y ..

ty.r.re'r.•wy:
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absent from the spectra of the crystalline rocks, is present in

the spectrum of rock 12013 as well as in the spectre of all of

the Apollo 12 fines samples studied. This fact leads us to

the supposition that this feature might be associated with the

so-called "cryptic component," which has been identified as

present in the soils in addition to the contribution from

crystalline rock materials, and which appears to be similar

in elemental composition to the dark lithology in rock 12013

ISchnetzler at al., 19701. If this association of anomalous

excess resonant absorption in the MNssbauer spectra of the

lunar soils with the cryptic component in the soils is

justified, then a further understanding of the nature and origin

of the cryptic component may be forthcoming from a more detai?,.46

study of the resonance spectra. Furthermore, as there is

evidence that the amount of cryptic component in individual
s

soils can be correlated with the different model ages of these

soils IBottino at al., 1970], this presents the possibility of

.a correlation of features of the MNssbauer spectra with the

ages associated with lunar soils.

It is clear from the Apollo 12 soils spectra and also

from Table III that only rather minor di ferences among these

soils exist with respect to the distribution of iron among

different mineral phases, a result which seems rather surprising

in view of the fact that these samples represent three different

soils, gathered in different locations up to 240 meters apart

d
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on the lunar surface. These soils have different characteristics

and one of them (12033, a light grey volcanic ash) is visually

distinctively different from the other soils. Their MBssbauer

spectra, however, are remarkably similar. This evidence suggests

the possibility that the phase distribution of iron in lunar

soils (as indicated by their MBssbauer spectra) may represent

a regional characteristic, nearly constant for the near-surface

regolith over regions corresponding in size to distances of

perhaps the order of a kilometer or more, but showing considerable

variation over distances comparable to the separation of the

lending sites, and to the dimensions of the major visual

features of the lunar nearside.
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Table I

PHASE DISTRIBUTION OF IRON IN APOLLO 12 LUNAR
CRYSTALLINE ROCKS*, **

' Mineral Phase 12012	 12004 12020 12063

Metallic iron 1.8 + 0.5	 0.8 + 0.5a 1.0 + 0.5 1.5 + 0.5a

Troilite 1.0 +0_	 .3	 1.7 +	 a_ 0.6 1.0 _ 0.5 1.3 + a0.6

Ilmenite 7.2 + 1.0	 6.3 + 1.0 5.9 + 1.0 13.7 ± 2.0

Pyroxene 64.8 + 10.0	 67.4- + 10.0--
74.2 +-3.0

8^0 69.5 +
-2.0

8.0

Olivine 25.2 + 8.0	 23.8 + 8.0 17.9 ± 7.0 14.0 ± 7.0

Total silicate 90 .0 ± 2.0	 91.2 ± 1.0 92 .1 ± 3.0 835' +
- 0

2.0(r'e2+ in pyroxenes
olivines, and
glasses)

  Percent of total resonant absorption associated with each
mineral phase is tabulated.

-^ Tabulated data is based primarily on results obtained for
thin sections (probe mounts), , except for the case of 12002,
for which only a powder sample was available.

a

	

	 These entries have been supplemented by data from powder
samples and rock chips.
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Table 'II

WEIGHT PERCENTAGES OF MINERALS IN APOLLO 12
CRYSTALLINE ROCKS FROM MdSSBAUER INSTRUMENTAL ANALYSIS

Sample Number

Mineral Phase	 12002	 12004	 12020	 12063

Metallic iron 0.29 0.14  0.17 0.25

Troilite 0.25 0.48 0.26 0.34

Ilmenite 3.13 3.07 2.61 6.22

Pyroxene 50.2 58.4 59.8 56.2

Olivine 17.0 19.2 13.4 8.9

Feldspara 29.2 18.8 24.2 28.2

a

I
r

r

1
1
1
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Table III

PHASE DISTRIBUTION OF IRON IN APOLLO 12 FINES

Mineral Phase	 12037.12	 12032,63	 12033.93

Metallic iron	 294 + 1,0	 2,7 + 1.0	 2.4 + 1.0

1.3 + 0.7	 0.8 + 0,6	 0,8 +Troilite 0,6

Ilmenite	 9.1 + 1.7	 9.2 + 1.7	 8.6 + 1.7

aPyroxene	 45,8 + 10.0	 47.4 + 10.0	 48.6 + 10.0

Glass
a,b 	

22.8 + 14.0	 23.6 + 14.0	 24.1 + 14.0

Olivine
a
	12.3 + 6.0	 11,6 + 6.0	 10,1 + 6.0

Unidentified resonances	6,3 + 1.5	 4.7 + 1.5	 5.4 + 1.5

Total silicate (Fe 2+
in pyroxenes, olivines,	 8009 f 3.0	 82.6 + 3.0	 82.8 + 3.0
and glasses)

Percent of total resonant absorption associated with each
mineral phase is tabulated.

a	 Silicate separations into olivine, pyroxeni e, andlass
contributions are	 on room temperature and (tor 12037)based
80 *K measurements, and comparison with both Apollo 11 fines
and simulated lunar sample spectra.

b	 Entry corresponds to materials vitreous on a.molecular
scale, and does not include devitrification products.

in	 lowc	 This represents an absorption excess 	 the	 velocity.
s
pectral region.	 See discussion further in text.

13
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LEGENDS FOR ILLUSTRATIONS

Figure 

r
t: 1 MSssbauer hyperfine absorption spectrum for lunar rock

It powder sample 12002,168, measured at room temperature.

2 MBssbauer hyperfine absorption spectrum for lunar rock

F
powder sample 12063,100, measured at room temperature.

3 MOssbauer hyperfine absorption spectrum for lunar rock

probe mount 12020,56, measured at room temperature.

4 MBssbauer hyperfine absorption spectrum for powder

(sawcuttings) sample of lunar rock 1241.3, measured at

room.temperature.

5 M8ssbauer hyperfine absorption spectra for three

Apollo 12 soils compared:	 12032 (upper); 12033 (middle);

12037 (lower).
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