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Trace elements

Trace element data for selected eucrites are givenin
Table 1.2.8.3. Ahrens and Danchin (1971) summarized
the available eucrite data, but a substantial number of
additional analyses are now available (e.g., Schmitt e¢
al., 1972; Lauleral., 1972; McCarthyetal., 1972,1973;
Winke et al., 1977, Morgan et al., 1978). Figures
1.2.8.2aand bshow trace element data for eucrites, two
of which are cumulate eucrites, normalized to type ]
carbonaceous chondrite abundances. Refractory litho-
phile trace elements are enriched over Cl chondrite
values (~ 13 times C1 chondrites) but are essentially
unfractionated except for Sc, which is depleted relative
to elements of similar volatility by about a factor of 2.
The main group eucrites have REE patterns which are
unfractionated relative to chondriticabundances at lev-
els about 6-10 times chondritic (Fig. 1.2.8.3). Stannern
and Nuevo Laredo have higher REE abundances and
negative europium anomalies. The more magnesian
(cumulate) eucrites have lower absolute REE abundan-
ces (1-5 times chondritic) and Moore County, Serra de
Magé and Moama have positive europium anomalies
(see summary in Consolmagno and Drake, 1977). In
contrast, the more volatile lithophile trace elements are
depleted, with Rb, Cs, Br and Bi present at approxi-
mately 6 X 107? times C1 chondrites.

Siderophile trace elements are strongly depleted in
eucrites relative to chondritic abundances (Fig. 1.2.8.2b).
There is no simple correlation between relative abun-
dance and condensation temperature. Morgan et al.
(1978) have suggested that siderophile abundances may
be controlled by metal/silicate partitioning. These data
suggest derivation of the eucritic liquids from sources
that retained a metallic iron phase in the residuum or
from sources that had lost metallic iron and the asso-
ciated siderophile elements prior to formation of the

eucrite basalts. Siderophile trace element abundances
may also have been affected by meteoritic contamina-
tion subsequent to basalt crystallization, particularly if
some eucrites are regolith breccias, so the observed
values may represent only upper limits on original
values. Figure 1.2.8.2b also shows relative abundances
of chalcophile trace elements, which are depleted rela-

- tive to Cl chondrites.

The shergottites are not characterized by the vola-
tile element depletion that is so evident in the eucrite
basalts. Laul er al. (1972), Stolper (1979) and Stolper
and McSween (1979) have stressed similarities between
trace element abundances in shergottites and in terres-
trial basalts. This similarity extends to the volatile,
refractory and siderophile trace elements as well, and
contrasts strongly with the trace element abundance
patterns in eucrites. The chondrite-normalized REE
pattern of Shergotty is slightly heavy REE-enriched at
about 6-8 times chondritic levels with no europium
anomaly.

1.2.8.5 Mineral chemistry

Mineral assemblages in meteoritic basalts are sim-
ple, consisting of clinopyroxene (dominantly pigeonite
with augite subordinate except in shergottites), and cal-
cic plagioclase with minor free silica, ilmenite, chrom-
ite, troilite and metalliciron. Orthopyroxene and augite
are present as products of the exsolution and inversion
of pigeonite. Magnesian olivine is not present in rocks
with basaltic textures, but ultramafic, apparently cumu-
late, material found in howardites contains minor oliv-
ine, and ALHA 77005, a cumulate which seems to be
related to the shergottites, contains magnesian olivine
as a major phase. Fayalite occurs in Ibitira and Sher-

Table 1.2.8.3 Selected trace element abundances in eucrites and Shergotty, ppm.

Nuevo Aioun Moore

Stannern Laredo Pasamonte Juvinas el Atrouss County Binda Shergotty
K 550¢1) 40074) 355¢1) 340¢1) 308(¢14) 180¢1) 85(1) —
Rb 0.827¢3) 0.380¢3) 0.242(3) 0.202(3) — 0.061¢(3) — 6.1(13)
Ba 50(1) 44(8) 33(1) 34 —_ 19¢1) 111 90 (8)
Sr 92(1) 84(9) 80(1) 78(1) 80(14) 64(1) 33(1) 65 (8)
Sm 3.17¢(6) 2.19¢(5) 1.90¢6) 1.70(6) 2.6(14) 0.94(7) — 1.25¢8)
Eu 0.83¢(6) 0.75(5) 0.68(6) 0.62(6) 0.59¢14) 0.59¢7) — 0.49¢8)
Y 26(1) — 17¢1) 16(1) — — 4.4(1) —
Sc 32(9) 38¢10) 26(10) 29(10) 33.5(14) 24(10) — 52.4(8)
Th 0.50(11) 047(11) 0.52(2) 0.60(11) — 0.06(12) 0.06(12) 0.3(8)
Zr 87(1) 67¢(6) 53(1) 46(1) — — 15¢1) —

References: (1) McCarthy et al. (1973); (2)Morgan et al. (1978); (3) Papanastassiou and Wasserburg (1969); (4) Duke and Silver (1967);
(5) Schmitt et al. (1963); (6)Schmitt er al. (1964); (7)Schnetzler and Philpotts (1969); (8) Gast (1965); (9) Gast (1962}, (/0) Schmitt et. al.
(1972); (11)Rowe et al. (1963}, (12)Morgan and Lovering (1964); (/3)Laul et al (1972); (/4)D. Blanchard, analyst.
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gotty. A complex, fine-grained mesostasis is present in
some samples but has not been studied in detail. The
shergottites also contain magnetite and whitlockite but
lack metallic iron. Mineral compositional data are
reported in Appendix A-8.

Pyroxene

The dominant primary pyroxene in all eucrites is
pigeonite. Two specific types of pigeonite occurrences
have been recognized. Unequilibrated eucrites are char-
acterized by the presence of pigeonites with a wide range
of Mg/(Mg + Fe) values expressed largely as normal
zoning. These pyroxenes do not exhibit microscopic
exsolution. Equilibrated eucrites have pigeonite with
only a narrow range of Mg/(Mg + Fe) values; however,
individual grains show a range of Ca/(Ca + Fe)values,
due to the presence of microscopic exsolution lamellae.
Table 1.2.8.1 classifies eucrites according to this charac-
teristic. The classification has been made petrographi-
cally for meteorites which have not been studied with
the electron microprobe, based upon the presence or
absence of exsolution lamellae and visible composi-
tional zoning.

The pyroxenes of the Pasamonte meteorite are
typical of the unequilibrated eucrites (Fig. 1.2.8.4a).
The full range of compositions is shown in individual
subcentimeter-size basalt clasts. Cores of pigeonites are
magnesium-rich, with normal zoning toward Ca-rich or
Fe-rich rims and small interstitial grains. Takeda ez al.
(1978a) found Ca-enrichment toward contacts with
mesostasis areas and Fe-enrichment toward plagioclase
crystal contacts. Some of the scatter in values for cal-
cium contents of the Fe-rich pyroxenes may be due to
incipient exsolution, which can be observed in X-ray
patterns but not optically (Takeda e al., 1976). The

-
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ATOMIC RATIO
FeO
FeO+MgO

Stannern 0.62

. Nuevo Larede 0.67

. Pasamonte 0.48-070

Berebo

Juvinas 0.62

Haraiya

;;’;u‘:‘mmy 059 1.2.8.3 Chondrite-normalized
Meore county  0.50 rare-earth element abundances of

eucrites. After Consolmagno and
Drake (1977).

. Serra de Mage 0.44

bulk meteorite Mg/(Mg + Fe) ratio is 0.38. The most
magnesian pigeonite hasa Mg/ (Mg + Fe) ratio 0f 0.69,
which is consistent with Stolper’s (1977 ) experimental
determination of the composition of the first pyroxene
to crystallize from a liquid of eucrite composition.

Minor element contents of the pyroxenes reflect
their crystallization history. Al,O; content is about
0.13% and shows little variation with fractionation.
This is consistent with petrographic and experimental
evidence that pigeonite and plagioclase crystallized
simultaneously from the beginning of crystallization.
Titanium contents in the high magnesium cores are low
and increase with decreasing Mg/(Mg + Fe), particu-
larly in the latest-formed Ca-rich pyroxenes, which is
consistent with the late and minor role of ilmenite.
Chromium diminishes in pyroxenes with decreasing
Mpg/(Mg + Fe), with a greater decrease in pigeonite less
magnesian than Mg/(Mg + Fe) = 0.65 that may be
related to the late crystallization of chromite, which also
is a minor interstitial phase (Bunch and Keil, 1971).

Unequilibrated eucrites are uncommon. Y-74450
and Y-74159 are the only other unequilibrated eucrites
that have been studied in any detail (Takeda er al..
1978a, b). In Y-74450, a magnesian pigeonite [Mg/
(Mg + Fe) = 0.72] crystallized first, followed by pigeon-
ites, which were richer in iron and calcium. The early
pigeonites of Y-74450 are Al-rich, consistent with some
crystallization of pyroxene prior to initiation of plagio-
clase crystallization.

Stannern is an example of an equilibrated eucrite
(Fig. 1.2.8.4b). The bulk composition of Stannern is
similar to that of Pasamonte, but the pyroxene compo-
sitional variation is distinctively different. The pyrox-
enes in Stannern exhibit a narrow range of Mg
(Mg + Fe) values which define a trend approximately
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In contrast to the Stannern trend, the minor and trace
element differences are coupled to systematic changesin
major element composition and particularly to
decreases in Mg/(Mg + Fe) ratios.

(4) Cumulate eucrites: The high-Mg eucrites plot-
ted in Fig. 1.2.8.7 are those with Mg/(Mg + Fe) ratios
substantially higher than the main group eucrites and
with lower TiO, contents. They include Moore County,
Serra de Magé, Moama and Binda. Unlike other
eucrites they do not have basaltic textures, but are
coarser-grained and show evidence of extensive subsol-
idus reequilibration of pyroxenes. Some members of
this group have cumulate textures.

(5) Anomalies: Some eucrites, such as Pomozdino
and Peramiho, do not fit into any of the above groups.
These eucrites may represent products of separate
source regions or of different fractionation processes, or
of both. Further analytical work is needed on eucrites
from this group, including comparative analyses from
the laboratories responsible for the bulk of the eucrite
data, so that their apparently anomalous positions can
be evaluated properly.

Crystallization history models

The experimental petrologic data of Stolper (1977)
have laid a framework for interpreting the history of
these basalts. He demonstrated that the main group
eucrites can be understood as near-peritectic composi-
tions in the pseudoternary system O1-SiO,-An (see Fig.
3.5.1 and related discussion in Chapter 3). Stolper
(1977) argues that the eucrite compositions are concen-
trated near this pseudoperitectic because the eucrites
are partial melts of a source region which contained
olivine (Fo,s), pigeonite (WosEngs), plagioclase (Any,),
Cr-rich spinel and metal. Magmas which were evolving
by fractional crystallization would not be constrained
to pause at the pseudoperitectic, so no concentration of
compositions would be likely to result at that point.
Additional modelling, directed at understanding the
nature of the differences in eucrite compositions, has
been performed largely within the framework defined
by the experimental data.

Broadly, there are three processes which may con-
tribute to compositional variations within the eucrites:
(1) different degrees of partial melting of a common
source material; (2) fractional crystallization of a
common parent material; and (3) partial melting of
slightly different source compositions. Models that
relate all eucrites to processes (1) and (2), operatingona
common source material, have been investigated by
Schnetzler and Philpotts (1969), McCarthy et al. (1973),
Consolmagno and Drake (1977), and Reid ez al. (1979).

The abundances of the rare-earth elements are of
particular value in attempts to refine the petrological
models. Consolmagno and Drake (1977) accepted the
general model proposed by Stolper and attempted to
model the proposed fractionation process quantita-
tively to account for the rare-earth element abundances
in eucrites. Fixing the mineral compositions of the
source region according to Stolper’s model, and assum-
ing the derived liquid composition to be defined by the
peritectic, Consolmagno and Drake were able to con-
struct consistent models for: (1) derivation of the main
group eucrites (Juvinas, Sioux County) by 10-15% equi-
librium partial melting of a source with the relative and
absolute REE abundances of chondrites, (2) derivation
of the Stannern composition by about 4% partial
melting of the same source, (3) derivation of the eucrites
Moore County and Serra de Magé as cumulates from a
Juvinas-like melt. They also suggested that Nuevo
Laredo could be a residual liquid from such fractional
crystallization.

Additional modelling of the type performed by
Consolmagno and Drake, but also including the ele-
ments Sc, Ba, Sr, Zr, and Y, plus major element
modelling to derive the Nuevo Laredo trend have been
reported by Reid et al. (1979). Adding the other
refractory trace elements and utilizing the Stolper
model, the Juvinas composition can be generated by
12-13% equilibrium partial melting of a source with
chondritic abundances. Sioux County can be modelled
as a 14% equilibrium partial melt of the same source.
The main group eucrites have flat chondrite-normalized
REE patterns consistent with exhaustion of plagioclase
from the source region, which occurs in these models at
12-13% melting. With smaller degrees of melting the
liquid would have a negative Eu anomaly, as in
Stannern, which can be derived as a 6% equilibrium
partial melt of the same source. If trace elements are
considered alone, this model suggests that Stannern,
Ibitira, ALHA 76005, and main group eucrites (Juvinas,
Sioux County) represent increasing degrees of partial
melting of the same source region (the Stannern trend).

A possible problem with this model is that small
but significant variations in Mg/(Mg + Fe) should
accompany the different degrees of partial melting of
the source. Thus, Stannern should be slightly less
magnesian than the common eucrites. This difference, if
present, is small.

Small differences in alkali contents of the source
region can have significant effects on the compositions
of partial melts. Such variations in source composition
offer an alternative explanation for the differences
between Stannern and Juvinas, but are difficult, if not



impossible, to test. Stolperes al. (1979) have suggested a
model relating eucrites and shergottites which is based
on alkali variations in otherwise similar source regions.

The magnesium-rich eucrites, Moore County,
Moama, Serra de Magé and Binda, have textures and
compositions which are consistent with cumulate ori-
gins, being enriched to various degrees in pyroxene with
respect to cotectic liquid compositions. Moore County
and Serra de Magé cannot be cumulates directly from
main group eucrite magmas, because the pyroxenes are
too iron-rich to be in equilibrium with the eucrite melts
(Stolper, 1977). However, fractional crystallization of
main group eucrite melts produces liquids with lower
Mg/ Fe ratios (such as Nuevo Laredo) which could be
parental to these cumulates. The Nuevo Laredo trend,
including Bereba and Pasamonte, can be modelled by
removal of pyroxene and plagioclase from a liquid of
Sioux County composition. Cachariand Lakangaon lie
close to the Nuevo Laredo trend but cannot be success-
fully modelled as derivatives from a main group eucrite
liquid (Reid er al., 1979).

Thermal history of eucrites

Walker et al. (1978) have investigated crystalliza-
tion behavior in melts having the composition of the
Stannern eucrite. They found that feldspar crystal size
varies as a function of cooling rate approximately
according to the relationship InD = (-0.6)InR-2.2,
where D is the size of feldspar grains in millimeters and
R is the cooling rate in °C per hour. For Stannern, the
observed textures are consistent with cooling rates of
0.1-100°C/hr. Extrapolating to Juvinas, which has
some coarser-grained textures, cooling rates as slow as
0.01°C/hr can be inferred. For Sioux County, with
plagioclase grains up to 1 cminsize, cooling rates on the
order of 0.001° C/hr are inferred. It appears that all of
the eucrite basalts cooled from liquidus to solidus
(~ 100°C) in times which ranged from hours to a few
tens of years. The coarser-grained magnesium-rich
eucrites with cumulate textures may have cooled more
slowly.

The unequilibrated eucrites have pyroxene compo-
sitional variations similar to those observed in the
experiments of Walker et al. (1978). Early pyroxenes
are magnesium-rich pigeonites, with a general iron-
enrichment trend as crystallization proceeds. In
unequilibrated eucrites, pigeonite grains show only
submicroscopic exsolution lamellae, which is consistent
with rapid cooling at subsolidus temperatures.

The equilibrated eucrites are characterized by a
pigeonite-augite exsolution host-lamella relationship,
with limited variability of pigeonite and augite compo-
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sitions. In the eucrite basalts, exsolution lamellae range
in thickness from less than | ym in some fragments in
Nuevo Laredo toapproximately 7 umin some grainsin
Juvinas and Sioux County. Miyamoto and Takeda
(1977 ) developed a model for the development of exso-
lution lamellae in several achondrites. They assumed a
cooling rate defined by the cooling of a spherical aster-

-oid. Under their assumptions, cooling rates of 4°/103

years were required to form the exsolution lamellae of
Juvinas at temperatures between 1200° and 850°C.
These probably are relatively high temperature esti-
mates, because exsolution of pigeonite must have begun
at a temperature well below the Stannern liquidus at
1160°C (Stolper, 1977), and longer times (slower cool-
ing rates) would be necessary if the lamellae actually
formed over a smaller temperature range than assumed.

Although further work is required to improve the
diffusional model of pyroxene exsolution, it is clear that
the subsolidus cooling rates are much slower than the
cooling rates through the crystallization interval.
Pyroxene homogenization occurred prior to exsolution
and at temperatures near the solidus, possibly above the
solidus. This suggests that the onset of slower cooling
rates may have occurred prior to complete solidification
of the basalts. Various physical situations are consistent
with a rapid slowing of cooling rates, such as extrusion
of a basalt which then was buried in a layer of hot
impact ejecta or was covered by additional flows. Alter-
natively, the eucrite basalts may have been emplaced in
an environment whose ambient temperature was close
to the eucrite solidus. The distinction among alternative
models for eucrite thermal history will require much
further detailed study of these meteorites, but can
provide significant boundary conditions for the origins
and evolution of their parent bodies.

The existence of brecciated eucrites, such as
Juvinas, which show 4.5 b.y. internal isochron ages
indicates either that brecciation occurred at an early
stage of parent body formation or that brecciation was
not accompanied by chemical fractionation. Most
eucrite breccias, although they are somewhat indurated,
do not have a crystalline matrix and cannot have been
strongly heated after brecciation. In contrast, the Aioun
el Atrouss meteorite contains evidence for thermal
annealing of the eucrite breccia at high subsolidus
temperatures. The recrystallization of Aioun e] Atrouss
indicates that, at least in some cases, substantial heating
occurred after the brecciation event.

Younger disturbances, perhaps associated with
brecciation events, are recorded in some meteorites.
The howardite breccias, which contain eucrite basalt
fragments, are more akin to regolith breccias. Some of
the eucrite fragments in howardites give young ages,
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which are believed to represent disturbances rather than
initial crystallization (Dymek et al., 1976). These ages
could have been produced by impact reheating, and
imply that regolith formation continued at least
through the period indicated by the youngest ages of 3.6
b.y.

The eucrite parent body

Eucrite basalts are partial melts from a source
region that was chemically primitive in the sense that
the relative abundances and probably the absolute
abundances of the large-ion-lithophile trace elements
were chondritic or near-chondritic. Abundances of the
moderately volatile elements, such as K, Na and Rb, in
the eucritic source are, in contrast, much lower than the
chondritic values. Stolper (1977) has concluded that
primary eucrite liquids could be generated by partial
melting of a source composed of olivine (~Fogs) +
low-Ca pyroxene + plagioclase + Cr-spinel + metal;
however, his model constrains only some aspects of the
bulk composition of the source. Several authors (e.g.,
Dreibus er al., 1976, 1977, Consolmagno and Drake,
1977; Morgan et al., 1978) have made estimates of the
bulk composition of the eucrite parent body based on
the types of evidence outlined above. These estimates
are presented and discussed in detail in Chapter 4
(section 4.5.6). The estimates are all to some extent
model-dependent and dependent also on the authors’
conceptions of the “primitive” composition of the solar
system and of the differentiation processes that have
contributed to the diversity of compositions within
bodies in the solar system. The agreement among the
various models is encouraging. All require a parent
body which was chondritic or near-chondritic in terms
of involatile trace element abundances but which was
relatively depleted in alkalies and other volatile ele-
ments. Major element abundances are not well con-
strained but appear to be consistent with chondritic
compositions, except for the volatile and the metallic
components. The chemical characteristics of the source
probably were established during accretion (rather than
in a later planetary differentiation process) and there-
fore provide clues to the types of element fractionation
processes which governed differences among solar
bodies during or before the accretion event.

The source region for eucrites was one of low pres-
sure (Stolper, 1977). The quartz-normative nature of
the eucrite melts requires that source region pressures
probably were less than ~2 kb; at higher pressures
olivine is no longer in reaction relationship with liquid,
and partial melts would be silica-undersaturated. If the
parent body was similar in size to the Moon, then the
source must have been within 7km of the surface.

Eucrites must be derived from small bodies or from the
very near-surface regions of larger bodies. This con-
clusion is consistent with other lines of evidence that
meteorites in general are derived from small planetary
(asteroidal) bodies. The asteroid 4 Vesta is the only
candidate for a specific source for the eucrites which has
been proposed seriously. Infrared spectrophometric
observations by McCord er al. (1970) and Larson and
Fink (1975) indicate that iron-rich pigeonite probably is
a major mineral phase on the surface of Vesta. This
consideration, plus the density estimate of 3.4 gm cm™
by Morrison (1976), led Consolmagno and Drake
(1977) to advocate 4 Vesta as the eucrite parent body.
Pressures at the center of Vesta would not reach 2kb
(see Fig. 3.5.2).

The relationship between eucrites and
shergottites

Petrography, mineral chemistry and the experi-
mental studies by Stolper and McSween (1979) indicate
that Shergotty and Zagami do not represent basaltic
liquid compositions. The bulk compositions are proba-
bly cumulus crystal-enriched, particularly with pyrox-
ene, relative to the parent basaltic liquid. Because we
can place only limited constraints on the parental basalt
liquid composition, we find it even more difficult to
constrain the shergottite source composition.

Differences in alkalies, volatile elements, oxygen
fugacity and oxygen isotopes between shergottites and
eucrites make it difficult to model them as derivatives
from a single source. Stolper et al. (1979) have discussed
the possibility that eucrites and shergottites are derived
by partial melting (followed by some crystal-liquid
fractionation) of source regions that are distinct but
that could be related to one another rather simply.
According to their arguments, eucrites, howardites,
shergottites, nakhlites and chassignites all could be
derived ultimately by partial melting of plagioclase
peridotites that are compositionally distinct but which
may form a simple compositional sequence. The
putative source regions can be understood in terms of
two-component mixtures generated by the increasing
addition of a volatile-rich component to the volatile-
poor peridotite source of the eucrites. Stolper et al.
argue that this sequence of peridotites might be present
on a single, heterogenous parent body, but more
probably would require a series of related parent
bodies.

The isotopic data of Nyquist er a/l. (1979b) indicate
that Shergotty is the product of at least a two-stage
process. The first stage, which occurred early in the
history of the parent body, fractionated the rare-earth
elements and rubidium. This may have been a planetary



differentiation episode. Later, material was remelted to
form the Shergotty parent liquid. This is in contrast
with the eucrites, which apparently were essentially
primary melts of primordial material, which melted
shortly after the origin of the solar system. Thus,
Shergotty is derived from a relatively evolved parent,
the eucrites from a primitive parent(s). Stolper (1979),
Stolper and McSween (1979) and McSween er al.
(1979a) have emphasized the similarity between sher-
gottites and terrestrial basalts.

The later history of the Shergotty parent body is
currently under intense scrutiny. Nyquist er al. (1979b)
have shown that the shergottites have very young
crystallization ages for meteoritic material. Their best
estimate of ‘crystallization age for this complex dis-
turbed system is 650 m.y., far younger than any other
meteorite (the closest is Nakhla at 1.3 b.y.). The
shergottites thus raise major problems in understanding
how basaltic liquids can form on small planetary bodies
4b.y. after formation of the solar system. This problem
is compounded by the discovery of an Antarctic
meteorite (ALHA 77005) which is an olivine-rich
cumulate apparently related to the shergottites by
igneous processes (McSween er al., 1979a; 1979b).

The 650 m.y. melting of Shergotty could have been
a magmatic event or could have been impact remelting
of older basaltic material. If the shergottitesand ALHA
77005 are related (and if shergottites and nakhlites are
related), then it is difficult to envisage these different
meteorites as having been generated by discrete impact
events, rather than through normal igneous processes.
On the other hand, it is very difficult to postulate a
source of thermal energy sufficient to cause magmatism
on a small planetary object so long after its initial
accretion. If these were 600 m.y. internally-generated
magmatic events, then either the thermal constraints on
melting in smaller planetary bodies must be reevaluated
or the possible parent bodies of shergottites must be
reexamined (see Mittlefehldt, 1979b; Walker er al.,
1979).

Some conclusions

Meteoritic basalts fall very clearly into two groups,
eucrites and shergottites, which derive from at least two
different parent bodies. Eucrites, which formed in a
small asteroidal-size body (or bodies), date from the
first 50 m.y. of solar system history. The material from
which they formed as partial melts was primitive in that
it had chondritic or near-chondritic abundances for
many elements. Alkalies and other volatile element
abundances were depleted relative to chondrites. The
chemical characteristics of the eucrite source probably
were representative of the whole parent body, because
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basalt generation is likely to have been a one-stage
process in an undifferentiated (hot?) body which had
attained its compositional characteristics during
accretion.

The shergottites are derived from a parent body
that had more nearly chondritic alkali and volatile
element abundances and which may have undergone an
early planetary differentiation. These basalts have young
ages compared with eucrites and the Moon. If they are
not impact remelts then they represent extraterrestrial
volcanism at a very late stage, when smaller bodies
would lack obvious heat sources adequate to support
magmatic events.
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