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PUENTE DEL ZACATE: FIRST OCCURRENCE OF A SILICATE IN- 
CLUSION IN A TYPE 111 IRON (BUT WHAT IS IT?); E. Olsenl, A. M. Davis2, C. B. 
~ o o r e 3 ,  R. N. ~ l a ~ t o n l . 2 ,  T. K. ~ a ~ e d a ~  and I. M. Steele1; l~epartment of the Geophysical 
Sciences, University of Chicago, Chicago, IL 60637; 2 ~ n r i c o  Fermi Institute, University of 
Chicago; 3Center for Meteorite Studies, Arizona State University , Tempe, AZ 85287. 

Puente del Zacate (PDZ) contains the first known occurrence of a silicate inclusion in the 
I U B  iron meteorites. Heretofore, the only oxygen-bearing phases known from IIIAB irons were 
chromite and Fe-rich phosphates. Because these irons are considered to be from the core [I] of a 
parent body that may also have contained the AMP group (HED achondrites, mesosiderites and 
pallasites) [2], the presence of silicates in the core is of special interest. The silicate inclusion 
represents new material from the parent body. 

The inclusion (in Arizona State Univ. specimen 94b) consists of a 7 mm black angular 
fragment contained within a 16 rnm troilite nodule. The fragment is equant with relatively straight 
edges, creating the impression of being a single crystal. Nininger [3] noted its presence in this 
specimen and Buchwald [4] suggested it might be a crystal of chromite or phosphate. Examination 
was made by SEM, electron microprobe and ion microprobe of a small chip in polished section. 
The observed phases are: olivine, Fa4; low-Ca pyroxene, FsgWol; high-Ca pyroxene, Fs3Wo44; 
plagioclase, An140rq; chromite; troilite; and graphite. All these minerals are unzoned and show no 
significant grain-to-grain variations in composition. No metal or phosphate was found. The 
inclusion has an equigranular mosaic texture; each silicate is 200-300 pm in longest dimension. 
Troilite and chromite grains are 10-20 pm across. The rock is fractured but not brecciated, with 
plagioclase showing the most extensive fracturing. Some terrestrial alteration has followed 
fractures and grain boundaries. 

Modal analysis [by computer image analysis (5)] of a 500x1000 pm area 
gives (in wt%) 16% olivine, 36% low-Ca pyroxene, 7% high-Ca pyroxene, 32% 
plagioclase, 8% troilite and 0.3% chromite. Optical examination of the polished 
section shows, in addition, -1% interstitial graphite. Some interstitial areas are 
actually empty cavities where it appears graphite was lost during the grinding- 
polishing process; the visual estimate of 1% includes these cavities. A bulk anal- 
ysis was calculated from the combined mineral and modal analyses (Table 1). 

The two-pyroxene [6] and olivine-spinel thermometers [7] give 
equilibration temperatures of 1 0 0  and 700 'C, respectively. This differential 
suggests a moderately slow cooling rate with the kinetically faster olivine-spinel 
pair able to equilibrate to a lower temperature. 

The trace element contents of consituent minerals of PDZ silicate were 
determined by ion microprobe; REE patterns are given in Fig. 1. REE abundances 
in olivine are below detection limits (generally <lxCl chondrites). The bulk REE pattern was 
calculated from the mineral REE patterns combined with modal abundances: the pattern is 
chondritic except for a 4x positive Eu anomaly. The pattern's shape is identical to that of the 
cumulate eucrite Serra de Mag6 [8], which lies slightly higher in bulk REE abundances, 1.5xC1 
chondrites, with the same relative positive Eu anomaly. The texture of PDZ is similar to that of a 
cumulate eucrite but the low An content of the plagioclase and the low FeO content of mafic 
minerals are very different from any known eucrites. It is possible that feldspar is overrepresented 
in our section and that the bulk REE pattern is more nearly chondritic with a smaller Eu anomaly. 

Table 1 wt% 
Na20 4.5 
MgO 24 
A1203 7.8 
Si02 57 
K20 0.21 
CaO 2.9 
Ti@ 0.15 
a 2 0 3  0.46 
MnO 0.28 
FeO 2.5 
C -1 
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PDZ is similar in mineral compo- 
sition to members of the erstwhile group 
called "forsterite chondrites" [9]: F a l ~ ,  Fsl- .- 5 lo  

6, An12-23. Modal abundance~ are dif- $ 
0 ferent, PDZ being much more feldspar-rich. 

The oxygen isotopic composition is ;5 
8170 = +1.08 and 8180 = +2.35. On Fig. 2 s 
this plots on the fractionation line with the .g 1 

iij IIIAB irons and the achondrite (HED)- 5 
a mesosiderite-pallasite (AMP) association. ti 

However, the composition is not consistent 4 Oo3 

with physical trapping of HED material, ; 
since it is displaced along the fractionation o . ~  
line by about lYm in 6180 from HED sili- .% 
cates of comparable mineralogy. The iso- 15 
topic composition of PDZ silicates lies 0.03 
within the range observed for chromite and 
phosphates from other IIIAB irons. The 
oxygen isotopic composition is incompatible 0'01 La Ce Pr ~d Sm Eu ~d Tb Dy Y Ho~r~mYbLu 

with a genetic association with meteorites Decreasing Ionic Radius 

classed as "forsterite chondrites" or 
"primitive achondrites", which have either much more positive A170 (A170 = 8170 - 0.52 6180), 
e.g. Cumberland Falls inclusions, or much more negative A170, e.g. Acapulco, Kakangari, 
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PDZ metal has 1.4 ppm Ir 
[lo], which means that it formed 
early in the core differentiation 
process. Silicate rock may have been 

I I I I i 1 I 

0 Means: E-9 ewites (wtrole M);M-2 mesosiderit~s (pyroxene); 
D-6 diogenites (pymxene); P - 4  pallasires (oh'he) - + Chrmite: 6-Brenham (panm'tej; CY-cv Y& urn); - 
EC-EI  Capitan (1118); F--Fairview (//Id); SM-Saaamento Mms. (///A) 

trapped during core formation. Thus - Phosphates: BCBear Cr8ek (tll8); BV-Buenaveniura (1118); 
Cchupaderos (1118) 

far, we h o w  what the PDZ silicate is 9 ~ h o ~ e  rock: PDZ-PuenFe del7acate (11~4) 
V) not. It is not a eucrite, it is not a , 

"forsterite chondrite" and it is not a 2 - 
& chondrite. Additional work may 

establish it as the single member of a - - 
unique meteorite type associated with 
the AMP-IIIAB groups by virtue of a - 
common oxygen source. Fig. 2 
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