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Introduction:  The most common asteroidal igne-

ous meteorites are eucrite-type basalts and gabbros – 
rocks composed of ferroan pigeonite (Pi) and augite 
(Au), calcic plagioclase (Pl), silica (Si), ilmenite (Il), 
troilite, Ca-phosphate, chromite (Cr) and Fe-metal 
(Fig. 1) [1]. These rocks are thought to have formed on 
a single asteroid, likely 4 Vesta, along with howardites 
and diogenites [1, 2]. Some eucrites have small, well-
resolved O-isotopic differences from the group mean 
[3-5]. These O-anomalous eucrites are thought to have 
originated on asteroidal parents that are distinct from 
that of most eucrites [5]. 

Three O-anomalous eucrites are Pecora Escarp-
ment (PCA) 82502, PCA 91007 (paired) and Pasamon-
te, all of which have the same O-isotopic composition 
[5, 6]. Pasamonte and PCA 91007 have overlapping 
Cr-isotopic compositions that are resolved from those 
of most eucrites [7]. Our petrologic studies have 
shown that PCA 82502 and PCA 91007 have well-
resolved anomalies in low-Ca pyroxene Fe/Mn com-
pared to eucrites [6]. Divalent Mn and Fe do not great-
ly fractionate during igneous processes; mafic mineral 
Fe/Mn can be used to fingerprint parent object sources 
[8]. Previous petrological studies of Pasamonte [9-11] 
have not had sufficient precision on Fe/Mn ratios to 
allow distinction of differences on the scale of those of 
the PCA basalts. We have begun petrological study of 
Pasamonte for comparison with normal and anomalous 
eucrites [6], and to constrain its origin. 

Petrology:  PCA 82502 and PCA 91007 are mo-
nomict breccias of fine-grained, vesicular basalt [6], 
with equilibrated pyroxenes corresponding to Type 4 
[12]. Pasamonte contains unequilibrated pyroxenes of 
Type 2 [13]. However, the Pasamonte clast suite in-
cludes unequilibrated basalts with zoned pyroxenes 
and granulitic breccias with equilibrated pyroxenes [9, 
10]. It lacks diogenitic pyroxene clasts; it is a polymict 
basaltic breccia [9, 10]. 

We have studied serial thin sections Pasamonte 
USNM 897-12 and 897-13. It is a clast-rich breccia 
containing two main mafic clast types: (i) very-fine- to 
fine-grained, variolitic, subophitic and ophitic basalts, 
commonly with pyroxenes zoned from Mg-pigeonite 
to Fe-augite (Figs. 1a, 2a), and (ii) fine- to medium-
grained hypidiomorphic-granular and allotriomorphic-
granular microgabbros containing exsolved pyroxenes 
consisting of augite lamellae in homogeneous 
pigeonite hosts (Fig. 1b). Some basaltic clasts are rich 
in mesostasis containing silica, ferroan olivine (Fo17-19) 

and ilmenite. Symplectic intergrowths of olivine+ 
augite+silica+pigeonite+ilmenite occur in some clasts. 
Microgabbros include medium-grained silica (Fig. 1b), 
but ferroan olivine is rare, perhaps due to the inherent 
non-representativeness of small, medium-grained 
clasts. Many clasts show variations in grain size and 
some in texture. Other lithologic types include impact-
melt and mafic-breccia clasts. Matrix mineral 
fragments include pyroxene, plagioclase, silica, 
ferroan olivine and oxides that are coarser than any 
observed in mafic clasts (cf., [10]). Post-brecciation 
metasomatism produced ferroan rims on Mg-pigeonite 
matrix grain fragments (green in Fig. 1) [14]. 

 
Figure 1. a. Unequilibrated basalt clast 13-3. b. Equili-
brated microgabbro clast 12-6. 

Pyroxene analyses from microgabbro clasts vary in 
Ca-Mg-Fe along tie-lines between low-Ca and high-Ca 
pyroxenes, as is typical of metamorphosed basaltic 
eucrites [13] (Fig. 2a). Pyroxene compositions of 
equilibrated clasts straddle the tie line between low-Ca 
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and high-Ca pyroxene compositions of Sioux County 
basaltic clasts, or are more ferroan. An equilibrated 
clast (13-8, Fig. 2a) and a variolitic-textured clast con-
tain pyroxenes that are fairly uniform Ca-Mg-Fe. Indi-
vidual unequilibrated clasts (13-3) can have pyroxene 
compositions that span the entire clast-suite range. 
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Figure 2. a. Pyroxene quadrilateral for representative 
Pasamonte clasts, and Sioux County basaltic clast end 
members. b. Fe/Mn vs. Fe/Mg for clasts compared to 
fields (white) for Sioux County basalt end members. c. 
Fe/Mn vs. Fe/Mg for equilibrated clasts compared to 
PCA and Sioux County basalts. Uncertainty bars: 2σ 
standard deviations for individual analyses or means. 
Data from this study and [6]. 

Pyroxenes of equilibrated clasts have relatively 
narrow Fe/Mn ranges, while wide ranges are character-
istic of unequilibrated clasts (clast 13-3, Fig. 2b). The 
extremes in clast 13-3 occur within the most magne-
sian group of pyroxenes (red dotted fields, Figs 2a, b). 
Comparing low-Ca pyroxenes (Wo<10) for the equili-
brated clasts with those of PCA 82502 and PCA 91007 
show that Pasamonte pyroxenes have a significantly 
lower Fe/Mn than those of the latter (Fig. 2c). 

Discussion:  Pasamonte contains a variety of lithic 
clasts, but most are either finer-grained basalts, typi-
cally with unequilibrated pyroxenes, or coarser-
grained microgabbros containing equilibrated pyrox-
enes. Pyroxene equilibration among eucrites is thought 
to have been caused by global crustal metamorphism 
[12]. If the same holds for the Pasamonte parent aster-
oid, then the assemblage of unequilibrated and equili-
brated clasts implies impact mixing of different geo-
logical terrains or crustal layers (polymict breccia), 
rather than mixing of texturally distinct portions of a 
thick basalt flow (monomict breccia). 

The Fe/Mn of low-Ca pyroxenes in equilibrated 
Pasamonte clasts are significantly lower than those of 
the PCA pair with which Pasamonte shares O- and Cr-
isotopic compositions [5-7], but the Fe/Mg of pyrox-
enes from the three meteorites overlap (Fig. 2c). Thus, 
the Fe/Mn difference cannot be ascribed to igneous 
fractionation. The difference could indicate separate 
parent asteroids for Pasamonte and the PCA pair. 
Pasamonte low-Ca pyroxenes have Fe/Mn that are 
statistically indistinguishable from Sioux County (Fig. 
2c), which is well-resolved from the PCA pair [6]. 
Thus, Pasamonte has O- and Cr-isotopic differences 
from normal basaltic eucrites [3-5, 7], but not pyrox-
ene compositional distinctions. Further work will con-
tinue to focus on detailed petrological comparisons 
with eucrites. 

Key Findings:  Mafic clasts in Pasamonte sampled 
at least two distinct geological terrains or layers. It is 
petrologically distinct from paired basalts PCA 82502 
and PCA 91007. Although Pasamonte shares O- and 
Cr-isotopic signatures with the latter two, it might have 
been derived from a different parent asteroid. Petro-
logic data do not distinguish Pasamonte from normal 
eucrites such as Sioux County. 
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