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Introduction: Basaltic eucrites originate from the
upper crust of their parent body, likely asteroid 4-Vesta
[1, 2]. This largely intact protoplanet has undergone
differentiation and therefore provides insights into ear-
ly planetary processes. Radiogenic chronometers indi-
cate rapid planetary differentiation within <10 Ma of
solar system formation and a period of magmatism
spanning as much as 50 million years [3,4]. An exten-
sive history of impacts prior to about 3.1 Ga signifi-
cantly modified many materials derived from the eu-
crite parent body [5]. Therefore, eucrites display di-
verse igneous to metamorphic textures formed by en-
dogenous crustal processes and impacts. Their miner-
alogy is dominantly composed of plagioclase, pigeon-
ite, and augite with minor to accessory phases includ-
ing silica, ilmenite, spinel, Ca-phosphates, olivine,
zircon, Ni-poor metal, and potassium feldspar [2,6].

Although there are abundant achondrites originat-
ing from 4-Vesta, the geologic history of the body is
not well understood. Better constraining the igneous
textures and chemistry in basaltic eucrites are neces-
sary to follow the magmatic evolution and impact his-
tory of this planetary body.

This study characterizes the composition, textures,
and age of a basaltic eucrite through techniques such as
electron microscopy, geochemistry, and geochronolo-
gy to add to our understanding of early planetary for-
mation.

Sample and Methods: An ~150 pm thick section
and ~2.3 grams of intact pieces of MIL 11290 were
allocated to this study through the Meteorite Working
Group and NASA-JSC. Optical microscopy with re-
flective light was performed at the University of Hou-
ston (UH) while scanning electron microscopy (SEM)
and electron probe analysis (EPMA) were performed at
NASA-JSC on the JEOL 7600F and JEOL JXA-
8350F, respectively. Inductively coupled plasma mass
spectrometry was performed at UH using the multicol-
lector (MC-ICP-MS) for isotopic analyses, laser abla-
tion (LA-ICP-MS) for in-situ analyses, optical emis-
sion spectra (ICP-OES) for major and minor elements,
and triple quadrapole (ICP-QQQ) for trace elements.

This work builds on the work presented in the Me-
teoritical Bulletin and within [7].

Results: General Petrography. MIL 11290, 10 con-
sists of two lithologies and a brecciated zone between
them. Lithology 1 consists of pyroxenes (46 vol%) and
plagioclase (41 vol%) in sub-ophitic to ophitic texture
with lesser amounts of silica (8%) and accessory min-

erals (4%) such as olivine, ilmenite, chromite, troilite,
and Ca-phosphates. Most pyroxenes exhibit Fe-
enrichment, sub-micron lamellae, high-Mg cores, and
many contain veinlets of fayalitic olivine (Fig. 1). Pla-
gioclase phases are mostly primary, indicating igneous
crystallization. Secondary high-Ca plagioclase phases
are inclusion free and minimally fractured (Fig. 2).
They are associated with both types of olivine popula-
tions. Many of the minor phases, including silica pol-
ymorphs, are more concentrated in areas of mesostasis
throughout the sample.

Figure 1. Backscattered electron image of lithology 1,
MIL 11290, 10. Mg-Pyx: magnesium core of pigeon-
ite. Fe-Pyx: iron enriched region surrounding the mag-
nesium core. Ol: fayalitic olivine veinlets. P11: igneous
plagioclase displaying fractures and inclusions.

Lithology 2 displays subophitic to ophitic textures
with slightly different modal abundances than litholo-
gy 1. However, it is inevitable that some of the breccia
zone was included in the point counting for lithology
2, so these numbers are to be taken with caution. Py-
roxenes (44 vol%) display igneous zoning of high-Ca
exsolution from the low-Ca core. Plagioclase (39
vol%) is fractured with subhedral to anhedral textures.
This lithology also has areas of mesostasis containing
silica (10 vol%) and accessory minerals (7%) of ilmen-
ite and troilite. Olivine grains and chromite are absent,
despite a careful search.

The brecciated zone contains mineralogies and tex-
tures representing both lithologies and recrystallized
mineral phases. Minerals in this zone range from fine-
grained minerals to medium grain sizes, intermixed.
Areas within the breccia zone also contain secondary
fayalitic olivine in monomineralic form. Both Fe-rich
and zoned, igneous pyroxenes are found here in addi-
tion to igneous and secondary plagioclase phases. Mi-



nor and accessory minerals of silica, olivine, ilmenite,
troilite, and Ca-phosphates are all found in the breccia
zone, despite an absence of olivine in lithology 2 and
troilite in lithology 1. A few small grains of chromite
are present in throughout the sample. However, lithol-
ogy 1 contains a larger grain (> 0.25 mm) of chromite.

Figure 2. Backscattered electron image of Lithology 1,
MIL 11290, 10. Fe-Pyx: iron enriched pigeonite with
submicron lamellae visible. Ol: fayalitic olivine vein-
lets. PI2: anorthitic, inclusion-free, secondary plagio-
clase.

Modal measurements of the entire thick section of
MIL 11290,10 revealed abundances of pyroxene (47
vol%), plagioclase (40 vol%), silica (9 vol%), and ac-
cessory minerals (ilmenite, Ca-phosphate, chromite,
troilite, and olivine). Lithologies 1 and 2 differ slight-
ly, with Lithology 2 containing more silica and acces-
sory phases (2% more and 3% more, respectively)
while Lithology 1 has a 2 vol% higher abundance of
pyroxene and plagioclase.

In addition to modal differences, the grain sizes are
typically larger in lithology 1. On average, plagioclase
grains are 0.65 mm x 0.21 mm in lithology 1 versus
0.55 mm x 0.12 mm in lithology 2. Average pyroxene
sizes, however, are doubled in length in lithology 1
(1.00 mm x 0.35 mm) compared to 0.56 mm x 0.30
mm in lithology 2. A few small grains of chromite (<
10 pm) are present throughout the sample. However,
lithology 1 contains a larger grain (> 40 um) of chro-
mite.

Post-crystallization processes such as annealing
and brecciation are common in eucrites. However,
many studies have also noted igneous pyroxenes that
are Fe-rich, leaving igneous, high-Mg cores. Second-
ary fayalitic olivine veinlets (Fa 64-70), pyroxene,
anorthite (An 97-99), sometimes accompanied by mi-
nor amounts of troilite or Cr-spinel [e.g., 8-15].
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Figure 3. Isochron plot of *Nd/'Nd ratio vs
47Sm/!Nd. Indicating a potential crystallization age
of 4571 % 240 Ma (MSWD = 1.9).

Discussion: In this study, petrological, geochemi-
cal, and chronological investigations were performed
on basaltic eucrite MIL 11290. Chemical compositions
and distinct textural differences between lithology 1
and lithology 2 indicate that this sample is a polymict
eucrite with secondary Fe-enrichment of lithology 1.
The igneous zoning with submicron exsolution lamel-
lae of high-Ca pyroxene from low-Ca pyroxene desig-
nate a metamorphic grade of type 3. Fe/Mn ratios of
28-32 are consistent with the HED clan as originating
from the same parent body, aside from some anoma-
lous eucrite-like samples. REE patterns normalized to
CI chondritic values are relatively flat, though slightly
more enriched than the representative lithology in Ju-
vinas for the Main Group. However, initial bulk
measurements assumed that this rock was unbrecciated
and we now think that lithologies 1 and 2 may repre-
sent both a Main Group and a Nuevo Laredo group
eucrite. The '*7Sm/'"Nd isochron for MIL 11290
yields an age of 4571 £ 240 Ma, indicating an initial
age of crystallization for this sample. Further, the re-
sults suggest that lithology 1 of MIL 11290 experi-
enced secondary Fe-enrichment while in situ before the
subsequent impact of lithology 2, evidenced by only
igneous textures in lithology 2 and a lack of iron redis-
tribution.
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