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STUDIES OF BRAZILlAN METEORITES VI.
MINERALOGY, PETROLOGY, AND CHEMISTRY

DF THE PATRIMONIO, MINAS GERAIS, CHONDRITE

C. B. Gomesand K. Keil, E. Jarosewich and W. S. Curve//o

ABSTRACT - A deta iled microscopic (t ransmlt ted and reflected liqht) , electron microprobe, and bulk
chemical study of the prev iously undescribed Patrimônio, Minas Gerais, chondrite was carried out, The
meteorite consists of major olivine (Fa24 .al, orthopyroxene (FS20.7) , and plagioclase (Or6.6 Aba2.1

An 11 . 3 I, minor metallic nickel·iron and troilite, and accessory diopside (En47.6 Fsa.5 W043.9) , whi­
t1ockite, and chromite. Based on ol ivine, orthopyroxene , chromite and the bulk compositions, part icu ­
lary the ratios of Fetotal/Si02 (0.54) , FeO/Fetotal (0 .24), and FeO/Ni o (4.45), and bulk Fetotal
(21.51 %) and bu lk metallic nic kel-rion contents (6.25%), Património belongs to the L - group. Te x­
tural and mineralogical evidence, particularly the uniform and homogeneous compositions of oliv ine
and orthopyroxene, the occurrence of only poorly defined chondrules, the extensive recrystall iza t ion,
and the presence of clear , interst it ial plagioclase, su998st that Pat rimôn io belongs to the petrologic
class L6.

RESUMO - O meteorito Património, Minas Gerais, foi submetido a uma invest igação minuciosa utili ­
zando técnicas microscópicas (luz refletida e transmitida). análise por microssonda eletrônica e estudo
da quünica global. O meteorito, um condrito t fplco , consiste essencialmente de ol ivina (Fa24,a) . orto­
piroxênio (FS20 7) e plag ioclásio (Or66 Aba2 1 An11 3) , apa recendo em proporções menores as fases
metál icas ( kama~ita e taenl ta) e troil i t~ ; diops(dio (En47 6 Fsg 5 W043 9) , whitlockita e crom ita cons­
tituem os ace ssór ios mais importantes. Com base na qu (~ica mineral (oiivina, ortopiroxll nio e cromita)
e global, particularmente as razões Fetotal / Si02 (0,54), Feo / Fetotal (0 ,24) e Fe o / Nio (4,45). o
conteúdo de Fetotal (21,51 %) e a concentração das fases metálicas (6,25%), o meteorito Patrimônio é
enquadrado no Grupo L dos condritos. Evidências mineralógicas e texturais, em especial a composição
uniforme e homogênea das olivinas e ortopiroxênios, a ocorrência rara de côndrulos perfeitamente
definidos, a recristalização pronunciada e a presença de plagioclésio lfrnpldo intersticial, são sugestivas
de que o meteorito pertence à classe petrológica L6.

INlRODUCl lON

lhe Patrimônio meteorite (aIso referred to as Concei­
ção Aparecida and Morro Cavado) fell in t he district of
Conceição Aparecida (approximate coordinates : latitude
19032'S , longitude 48 034'W1. State of Minas Gerais, Brazil,
at 9 .50 hours on Sunday morning, August 6, 1950. lhe pia ­
ce of fali, Fazenda do Morro Cavado, is situated in the small
village of Patrimõnio, about 11 miles from Conceição Apa­
recida. lhe fali was accompanied by light and sound pheno­
mena; the sound was heard three times and lasted almost 10
minutes. Accord ing to witnesses, the body t ravelled from
t he SW to the NE. At least 20 stones fell, and pieces rang ing
in weight from 600 to 1800 grams were immediately reco­
vered . Since many fragmentes were collected and taken
away by residents from the nearby cities, sorne confusion
has arisen as to the exact place of fali.

Brief references to the Patrimônio meteorite were
made by Leonard (1956), Keil (19601, and Hey (19661.
Masa n (1963) measured the composition of its olivine by
optical microscopy, and Santos (1972) published an abs-

tract dealing with the petrography and chemistry of the
stone. However, no comprehensive mineralogic, petrogra­
phic, and chemical study of th is meteorite has yet been per­
formed, and it is t he main purpose of the present paper to
provide these data and to classify the meteorite.

METHOOS OF STUDY

lhe Pat rimônio meteorite was studied microscopi­
cally in t ransrnit ted and reflected light, and its constituent
phases were analyzed by electron microprobe techniques.
Furthermore, its bulk chemical composition was determi­
ned following the procedures described by Jarosewich
(19661 . Electron microprobe analyses were made with an
Afl L EMX-SM instrument, usinq an accelerating voltage of
15 KeV, a sample current of about 0 ,02 J1 Amp, and a spot
size of E;;1 J1 m in dia meter. Standards used were olivine



(Marjalahti), augite (A·209), plagioclase (AC-362), and
chromite (C531 N8). Intensity data were corrected for back­
ground, instrumental drift, and differential matrix effeets
using the method of Bence and Albee (1968).

is diopside in cornposmon (Table 1). averaging FS8.5

En47.6 W04 3 .9.

L
TEXTURAL AND MINERALOGICAL DESCRIPTION

Fig .2 Hisroqrarn showing lhe compositions (in mole %) of olivine

(Fa : Fe2Si041 and orthopyroxene (Fs : FeSi031. L-group
classification is indicated for Patrirn ônio by comparison to
lhe ranges 01 average 01 ivine and orthopyroxene composi ­
tions in equ ilibrated H-group chondrites (Keil and Fre­
dr i ksson , 1964: as revi sed by Fadar et aI. , 19761.
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Fig. 1 Relict chondrule consisting mainly of olivine . Transmitted
li ght. 45 X.

Olivine: Th is mineral occurs in relict chondrules, as granu­
lar or regular grains, or in the matrix as granoblastic crystals.
ln chondrules, olivine is commonly associated with pyroxe­
ne and occasionally poikilitically enclosed in it. Olivine in
chondrules and in the matrix is identical and homogeneous
in composition, averaging Fa24.8 (Table 1I. The homoqe­
neity of the olivine is indicated by its narrow compositional
range (Fig. 2), and its composition falis well within the ran­
ge of Fa contents of L-group chondr ites (Keil and Fredriks­
son, 1964 ; revised by Fodo r et aI., 1976).

The Patrimônio meteorite has a poorly developed
chondritic texture (Fig. 1), with only a few chondrules
showing discernible boundaries with the matrix. The chon­
drules are round to elongate in shape and range in size from
0.3 to 1.8 mm (mean 1.2 mm). They are mostly polyso­
matic, but some monosomatic types were also observed.
Internal textures are variable and porphyritic, granular, and
barred types were recognized .

Olivine, orthopyroxene and plagioclase are the major
constituents of the chondrite, with metallic nickel-iron and
troilite occurring in minor and high-Ca c1inopyroxerie, whi­
tlockite, and chromite occurring in accessory amounts . Fine­
Iy-crystalline (formerly glassy) material occurs as a very rare
constituent of chondrules and of the matrix.

Pyroxene: Orthorhombic pyroxene (bronzite in cornpos i­
tion) is dom inant, and only a few grains of high-Ca clino ­
pyro xene were identified . Pyroxene occurs in relict chon ­
drules, usually as prismatic to lamellar grains, or as crystals
in the matrix . Polysynthetic twinning was observed in some
of the high-Ca clinopyroxene grains . Orthopyroxene is very
uniform in composition, averaging FS20.7 Enn.6 W01.7
(Table l ). The limited compositional range (Fig. 2) is well

. within that for L-group chondrites (Keil and Fredr iksson ,
1964 ; revised by Fodor et al., 1976) . High-Ca clinopyroxene
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Table 1

Electron microprobe analyses Iln weight percent) and structural
formulae of olivine, bronzite, diopside, plagioclase, and

chromite from the Patrimônio, Brazil, chondrite. Number of
grains analyzed are shown in parentheses

Olivine Bronzite Diopside Plagioclase Chromite
(28) S.O. (27) S.O. (15) S.O. (19) S.O. (22) S.O.

Si02 38.5 0.3 55.9 0.3 54.3 0.5 65 .3 0.4 0.18 0.03
Ti0 2 n.d. - n.d . n.d . n.d. 2.94 0.27

AI203 0.07 0.03 0.23 0.05 0.63 0.06 21.4 0.2 5.7 0.2

Cr203 n.d. - n.d. n.d. n.d, 54.5 0.4
V203 n.d . - n.d. n.d. n.d. 0.72 0.04

FeO 22.7 0.3 13.9 0.3 5.2 0 .5 0.75 0.16 32.3 0.4
MnO 0.45 0.03 0.47 0.02 0.21 0.02 n.d, 0.88 0.08
MgO 38.7 0.3 29.1 0.2 16.6 0.4 0.38 0.05 2.7 0.2

CaO < 0.02 0.02 0.87 0.10 21.3 0.5 2.24 0.04 n.d.

Na20 n.d. - 0 .05 0.03 0.71 0.06 9.0 0.3 n.d.

K20 n.d. - n.d. n.d. 1.10 0.08 n.d .

Total 100.44 100.52 98.95 100.17 99.92

Number of ions on the basis of

~ :~ ~ :b ~ =Ô 0=Jl 0=32

Si 0,999 1,990 2,005 11 ,516 0,051
Ti 0.631
AI 0,002 0.010 0,027 4.448 1,911
Cr

1L,L~~
~

fe
~,1ô~

~.4~L 0,414 0,161 0.111 7.708
Mn 0,010 O,Ol~ ~,~~1

~Im
llIt

~~ ,~~1 1M~ ~,~1~ ~,l~~ U~~
~a 0.033 0.843 0.423

Na ~I~~J ~1~~1 Jml •
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Fig. 3 Interstit ial feldsp~r. (dark. grayl. oligoclase in compos ition,
s~rrounde.d by olivine grams (Iight gray) and metallic nickel
- rron Iwhital . Reflected light. 200 X.

On the basisof the mineral eompositions, partieularly
th~ Fe/Fe + Mg ratios in olivine, orthopyroxene, and chro­
rnrte, and the bulk eomposition, partieularly the ratios of
Fetotal/Si02 , Feo/Fetotal , and Feo/Nio and the bulk total

iron and bulk metallic nickeHron contents, it is evident

that the Patr imônio chondrite belongs to the l-qroup, Tex·
tural and mineralogical evidence, particularly the uniform

~~U ~OmO~1~~OUI oom~o~itiom of olivine and orthopyro·

xene, aI well aI t~e occurrence oi 0~1~ ~Mrl~ ~~Ii~!~
chondrules, the extensive recrystallization of the matrix,
and the presence of clear interstitial plagioclase, suggest

tnat tne cnonarite Delon~~ to tne petrolo~ic c1m L6 of Van

Schmus and Wood (1967).

CONCLUSIONS

The analysis c1early indicates that the Património
chondrite belongs to the L-group (Keil, 1969). This is evi­
dent, for example, from the Fetotal/Si02 ratio of 0.54
(a~rage L-group 0.55; Van Schmus and Wood, 1967); the
Fe /Fetotal ratio of 0.24 (average L-group 0.33; Van Sch­
mus and Wood, 1967); and the Feo/Nio ratio of 4.45 (ave­
rage L-group 6.87; Craig, 1964). Furthermore, L-group elas­
sifieation is also apparent from the total iron eontent of
21.51% (average L-group 21.82%; Craig, 1964) and the
total metal eontent of 6.25% (average L-group 6.85%; Keil,

1962 a, b).
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