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Introduction: The Berthoud meteorite fell in 2004 

near Berthoud, Colorado. A single ~960 g fusion-
crusted stone was recovered and classified as a eucrite 
based on its petrography, mineral chemistry, and oxy-
gen isotope composition [1]. Despite the relative rarity 
of eucrite falls, no subsequent studies have been con-
ducted on this meteorite. Here we provide a more 
thorough description of the Berthoud eucrite as a 
whole, and a focused discussion of the K-rich plagio-
clase present within it. 

Analytical Methods: Three thin sections from the 
Institute of Meteoritics at the University of New Mexi-
co were examined. Analytical work was carried out at 
NASA Johnson Space Center (JSC) and at the Univer-
sity of New Mexico. BSE images and qualitative EDS 
maps were acquired using a JEOL 7600F FE-SEM at 
NASA JSC. The EDS maps were used to determine 
modal mineralogy by summing pixels assigned to min-
eral phases based on composition. Quantitative chemi-
cal analyses of the silicates, oxides, and phosphates 
were acquired using a JEOL 8530F EPMA at NASA 
JSC operated at 15 kV, 20-30 nA, and with spot sizes 
ranging from 1-5 µm. Time dependent intensity cor-
rections were used for F during apatite analyses. Addi-
tional analyses of silicates were obtained using a JEOL 
8200 EPMA at the University of New Mexico. 

Petrography: As reported by [1], Berthoud is a 
brecciated and metamorphosed basaltic eucrite with an 
ophitic to subophitic texture. We only observed one 
lithology in the three thin sections indicating a mo-
nomict breccia. One of the three thin section contains 
numerous, 5-10 µm wide melt veins. Larger melt veins 
up to 400 µm wide are also present.  

Low-Ca pyroxene has abundant augite exsolution 
with lamellae up to 10 µm wide. Most pyroxene grains 
are homogeneous, but rare remnant Fe-Mg zoning is 
observed as an increase in the density of augite lamel-
lae toward the edge of the grain. This remnant pyrox-
ene zoning and the width of the exsolution lamellae 
indicate that Berthoud was metamorphosed to type 4 
according to the scheme of [2]. 

Plagioclase is subhedral to anhedral and many con-
tain blebby inclusions that were also noted by [1]. In 
some plagioclase grains, a mottled texture in BSE im-
ages reveal regions containing µm to sub-µm K-rich 
inclusions (Figs. 1a,b). These inclusions are elongated, 
parallel to sub-parallel to one another, and possibly 
crystallographically oriented. This will be discussed in 
detail further below. 

Silica is common as rounded grains but some tabu-
lar grains up to 500 µm long are also present. Accesso-
ry phases include merrillite, F-apatite, ilmenite, Cr-
ulvöspinel, troilite, zircon, and baddeleyite. 

Modal Mineralogy: Pyroxene and plagioclase are 
the most abundant phases in Berthoud and account for 
60% and 36% by volume, respectively. Of the pyrox-
ene, augite accounts for 24% and the remainder is low-
Ca pyroxene (36%). Silica is the next most abundant 
phase accounting for 2.7%. Oxides make up 1.07%: 
0.73% from ilmenite and 0.34% from Cr-ulvöspinel. 
Baddeleyite is rare and makes up less than 0.01%. The 
majority of the phosphate component (0.14%) is mer-
rillite (0.11%), but F-apatite (0.03%) is also present. 
Troilite composes 0.08% and zircon is minor (<0.01%) 
but more abundant than baddeleyite. Berthoud’s modal 
mineralogy is within the range measured for other ba-
saltic eucrites [3]. 

Mineral Chemistry: Low-Ca pyroxene is homo-
geneous with an average composition of En44Fs53Wo3 
and atomic Mg# of 45±1. A single anomalous low-Ca 
pyroxene grain has a more Mg-rich composition of 
En50Fs44Wo6 and an atomic Mg# of 53. Augite has an 
average composition of En34Fs26Wo40 and atomic Mg# 
of 57±3. Some of the spread in augite compositions is 
likely due to analytical overlap of the augite exsolution 
lamellae with the low-Ca pyroxene host. 

Plagioclase compositions range from An68-90 and K 
contents are low, typically less than Or1-2. Analysis of 
the K-rich regions within plagioclase grains (Fig. 1a,b) 
reveal up to Or10 (1.5 wt.% K2O) with the same An 
content as the K-poor grains (Fig. 1c), thus plotting 
within the feldspar ternary miscibility gap. However, 
due to the small size of the K-rich inclusions relative 
to the analytical volume of the electron microprobe, 
the K content of the inclusions is likely much higher. 

Ilmenite compositions are fairly homogenous with 
atomic Mg# ranging from 3.1 to 5.2. Cr-ulvöspinel 
compositions are also fairly homogeneous with 47±0.6 
wt.% Cr2O3, 7.9±0.3 wt.% Al2O3, and 4.9±0.2 wt.% 
TiO2. This is consistent with the compositional range 
of Cr-ulvöspinel for type 4s [4]. Apatite in Berthoud is 
near end-member F-apatite with <3% Cl in the X anion 
site, which is similar to other basaltic eucrites [5]. OH 
is measured as 100%-(F+Cl) and may be up to 10% of 
the X anion site, but this needs to be confirmed by 
SIMS analysis. 

K-rich Plagioclase: Most basaltic eucrites have 
low K2O content in plagioclase, ≤0.2 wt.% [3]. How-
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ever, the presence of K-rich feldspar has been previ-
ously reported in at least two eucrites, both belonging 
to the Stannern group: Stannern [6] and Northwest 
Africa (NWA) 4523 [7]. In Stannern, [6] measured 
compositions across a plagioclase grain that revealed 
distinctive K-rich spots. They reported a composition 
of An76Ab14Or10 (1.6 wt.% K2O) for one of these 
spots, similar to one of the K-rich regions we meas-
ured in Berthoud (An75Ab15Or10). In NWA 4523, [7] 
identified distinct grains of near end-member K-
feldspar (An0.6Ab1.1Or98.2, 16.9 wt.% K2O) intergrown 
with plagioclase and silica. 

There is no clear mechanism for the formation of 
K-rich feldspar in eucrites. The presence of K-bearing 
phases in Stannern-group eucrites may be linked to the 
fact that they are enriched in incompatible elements, 
including K, relative to other eucrites [3,7]. However, 
the expression of K in Berthoud/Stannern and NWA 
4523 is very different.  

The K-feldspar observed in NWA 4523, inter-
grown with plagioclase and silica, is suggested by [7] 
to be the result of silicate liquid immiscibility, presum-
ably during primary crystallization of the basalt. NWA 
4523 has nearly 50% more bulk K2O than Stannern 
which may be enough to result in K-feldspar crystalli-
zation in NWA 4523 but not in Stannern.  

The small K-rich inclusions found in Berthoud and 
Stannern in otherwise calcic plagioclase was suggested 
by [8] to be the result of incorporation during a shock 
event. In this model, hot, K-bearing fluid generated by 
the shock passes through fractures in the plagioclase 
and is incorporated into the mineral structure. This is 
consistent with orientation and distribution of K-rich 
inclusions in Figs. 1a,b as well as the presence of melt 
veins in Berthoud indicating a shock event. However, 
it does not address the origin of the initial K-bearing 
phase that was the source of the K-rich fluid. 

The similarity of Berthoud’s K-rich feldspar to 
other Stannern-group eucrites may also indicate 
Berthoud is a member of the Stannern group of which 
there are currently only three reported falls: Stannern, 
Pomozdino, and Bouvante [7]. Further work is being 
conducted to test the link between Berthoud and the 
other Stannern-group eucrites. 
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11, 2135-2154. [6] Takeda H. et al. (1983) Mem. Natl. Inst. 
Polar Res., Spec. Issue No. 30, 181-205. [7] Barrat J. A. et 
al. (2007) Geochim. Cosmochim. Acta, 71, 4108-4124. [8] 
Delaney J. S. et al. (1984) Journal of Geophysical Research, 
89, supplement, C251-C288. 

 
Figure 1: K-rich plagioclase in Berthoud. (a) BSE 
image of Ca-rich plagioclase (plg) grain with µm to 
sub-µm K-rich inclusions. Pyroxene (pyx) is also pre-
sent in the image as inclusions within the plagioclase 
and as an adjacent grain on the lower right. (b) Quali-
tative EDS KMgCa RGB map of same region illustrat-
ed in (a). Pink/red blebs are K-rich inclusions within 
the Ca-rich plagioclase (dark blue/purple). Green/light 
blue areas are pyroxene. (c) Ab-Or plot of plagioclase 
EPMA analyses. The high Or-content analyses are 
from K-rich regions within plagioclase grains such as 
the one illustrated in (a,b). 
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