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A major unsolved lunar problem is that of the source and origin of 
iuperparamagnetic (sp) and single-domain (sd) metallic Fe phases which are 
more abundant in lunar soils and low metamorphic grade reccias than in the 

2Q 
associated local rocks. Shock-induced reduction of Fe -rich silicates 
has been suggested as a possible source of these fine metallic Fe phases (1). 
Because of their ferromagnetism, these phases have been shown (2) to give 
rise to a broad, asymmetric electron spin resonance (ESR) which is more 
intense and relatively easier to detect and identify than is the resonance 
from a comparable paramagnetic species. We present here ESB evidence which 
indicates that no s? and sd metallic Fe similar to that detected in lunar 
samples have been produced in a terrestrial olivine (peridot from Arizona, 
Fo ) shock-loaded to peak pressures of 280, 330, and 400 kbar (3). 

Unshocked olivine and three single fragments of shocked olivine 
(0.47 mg, 260 kbar; 0.10 me, 330 kbar; 0.27 mg, 440 kbar) were examined by 
ES? at S-band frequency (9.2 GHz) at 300°K and 77°K. No hyperfine structures 
were observed in the ESR spectra at 300°K. Like a single crystal, the 
fragment shock-loaded to 280 kbar exhibits ESK signals at 77OK which vary 
with sample orientation relative to the applied external magnetic field 
(Fig. 1 )  In contrast, no significant angular dependence is observed for 
the fraLpents shock-loaded to 330 and 440 kbar. In fact, as seen in Fin. 1, 
the ESP, spectrum of the sample after shock-loading to 440 kbar resembles 
that observed for a polycrystalline sample of unshocked olivine. On the 
basis of the observed nuclear hyperfine sextet structure pattern, it is 
clear that the ESR signals de$~cted in both shocked and unshocked samples 
arise fro trace ount of Pin (nuclear spin=5/2) which is substituted at Y+ 9T 
either i ! ~  or Fe sites in olivines (4). The siqnificant axia4 and 
rhombic crystal field splittings (D and E terms) observed for !lni+ (see 
Table 1) are consistent with its low site symmetry expected in terrestrial 
olivines which have orthorhombic crystal structures. 

Lunar sp and sd metallic Fe phases are distinquished by an intense, 
broad speccrum which has an asymmetric lineshape and a linewidth further 
broadened at low temperature (2). No spectral features characteristic of 
lunar sp and sd metallic Fe phases are detected in the three single %rains 
of shocked olivine. Thus our ESR results indicate that, in agreeme?$ with 
the suggestion of Gibbons -- et al. (5), shock-induced reduction of Fe is 
unlikely to be the source of the very finely particulate lunar metallic Fe 
phases. 

Perhaps our most interesting result is the resemblance between the ESR 
spectrum observed for a polycrystalline, unshocked sample and that for 
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single crystal olivine shock-loaded to 440 k r. This resemblance indicates 9? that shock-loading to 440 kbar causes the )In ions to become randomly 
oriented in olivine. 

Hugoniot data for olivine demonstrate that a shock-induced transformation 
to a high-pressure phase (hpp) or phase assemblage (zero-pressure density, 

4.01 g/cc), occurs abovew 250 kbar, and at pressures between d 2 5 0  and 
750 kbar the shock state represents a mixture of the low- and high-pressure 
phases (6). Recovery experiments demonstrate (3) that the high-pressure 
phase(s) revert to olivine upon pressure release from the mixed-phase regime. 
Thermal equilibrium, equation-of-state calculations for the mixed-phase regime 
demonstrate (Table 2) a marked increase in the mass fraction of high-pressure 
phase which is shock induced at 330 and 440 kbar in olivine rsus that at Y-7 
280 kbar. This accounts for the lack of reorientation of Mn in the latter 
sample. Shock temperatures clearly indicate that the recrystallization 
observed for the 440 kbar sample took place in the s id-state. The essential !& 
equivalence of the spin Hamiltonian parameters of Mn in different samples, 
demonstrates that although recrystalli~~tion from a high-pressure phase has 
occurred the average environment of Mn in olivine remains unchanged. We 
further infer that the recrystallized portions of lunar dunite, 72415, which 
has been exposed to similar Pressures were produced by solid-state reaction. 

T~ b l e  1. Spin HamiltonIan Parameters Determined for yn2+ in Olivine at 77'K. 

Unsimcked* Shar'k-l.oaded to 440 kbar 

: ;uclear Hv erfi * Constant 
(\ihc, lo-' cm-Pj 4 5  1 -85 : 1 

.\:iial CrysF21 Ffeld 
(Dillc. lo-' cn- ) -i30 - 20 -733 - 20 
Rhonbic Cryftal-field 
( E I ~ C ,  10 ) 1 1 4  - 5 1 1 4  : 5 

"Spin Hanlltonian parameters determined from a palycrystalline sample 
are in agreement with those determined from a single crystal at 
100°K (4). 

Table 2. Shock and Post-Shock Temperatures for Olivine (?lg Fe ) S104 
.9 . I  2 

Hugoniot Hugoniot Post Shock 
Shock Pressure Specific Mass Fraction Temperature Temperature 

(kbar) 
volume 

hppa' ( ' a )  ( O K )  

3 )  A S S U ~ ~ P R  transformation enerzy o f  7 2  n l o 9  e rgs .  and low-pressure 
and high-pressure phase densities and Cruneisen's ratio of 
3.33 g / ~ c ,  and 1.15, and 4.01 glee and 1.5, respectively. 

b )  Assuming Debye models with characteristic temperatures o f  b50 .:nd 
997'K. 

c )  Including a post-shock, 613', temperature rise for reversion of 
npp to olivine. 
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Figure 1. ESR spectra observed at 77'K, X-band frequency, for shocked and 
unshocked olivine. Note resemblance between spectra (a) and (b) , 
indicating polycrystalline nature of sample after shock-loading 
to 44 kbar. Arrows indicate the nuclear hyperfine sextet pattern 9+ of Mn . 
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