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Introduction: Unaltered petrologic type-3 carbo-

naceous chondrites contain abundant presolar SiC and 

silicate grains [e.g., 1−3]. Variations in presolar grain 

abundances are observed in chondrites belonging to the 

same class [e.g., 3, 4] and can be explained by diverse 

analytical techniques, different analyzed areas, and 

user bias while identifying presolar grains. In addition, 

some matrix areas contain higher abundances of pre-

solar grains than others [e.g., 1]. All of these factors 

can explain the differences observed in the silicate 

grain abundances in ALHA 77307 and LaPaz 031117, 

both being CO3s [3, 4]. However, large differences in 

the presolar grain abundances or absence of presolar 

grains can be used to understand the multitude and 

complexity of processes that destroy or alter presolar 

silicate grains.  

Large presolar silicate grain abundances in primi-

tive materials are often associated with the presence of 

N isotopic anomalies [e.g., 3, 5]. The anomalies are 

considered to be interstellar in origin [6], and the carri-

ers are kerogen-like macromolecules finely mixed with 

submicrometer-sized silicate grains or nanoglobules [3, 

5]. This material should have also experienced parent-

body processing, via aqueous alteration and/or thermal 

metamorphism, similar to the presolar silicate grains.   

The goal of this work is to search for C-, O-, and N-

anomalous grains in the CO3 chondrite QUE 97416. 

This study will allow us to explore variations in pre-

solar grain abundance within CO type 3 chondrites. We 

are also interested in understanding the influence of 

secondary processes on the isotopically anomalous 

grains or phases.  

Experimental: A thin-section of QUE 97416 was 

acquired from the repository in Johnson Space Center, 

Houston. This meteorite is a find from the Scoraine 

moraine ice field in Antarctica and has been classified 

as a petrologic type 3 (<3.2) chondrite, based on the 

criterion of [7]. A terrestrial weathering grade of mod-

erate to severe rustiness has been reported for this 

chondrite. Areas of matrix within the thin-section suit-

able for isotopic imaging were chosen with an Olym-

pus BX60 optical microscope. The fine-grained matrix 

areas including regions around Calcium-Aluminum 

Inclusions (CAIs) & chondrules were carefully selected 

for NanoSIMS (Secondary ion mass spectrometry) 

analyses.  

A few-nanometer-thick Au coat was deposited to 

make the meteorite thin-section conductive for Na-

noSIMS measurements. In order to implant Cs
+
 into the 

sample and remove the Au coat, 12×12μm
2
 or 

15×15μm
2
 areas were presputtered with a high 

(<30pA) beam current using the Cameca Ametek Na-

noSIMS 50L at Arizona State University (ASU). Au-

tomated measurements of negative secondary ions 
16,17,18

O
-
, 

28,29,30
Si

-
 (sequence 1) and 

12,13
C

-
, 

16,17,18
O

-
, 

28
Si

-
 (sequence 2) were done using a ~1pA primary ion 

beam current. Ten by ten μm
2
 areas over 256

2
 pixels 

were acquired for 6−10 frames. The total analyzed 

areas for O- and C-anomalous grains are 9000μm
2
 and 

15250μm
2
, respectively. A total area of 5350μm

2
 was 

scanned in 
12,13

C
-
, 

12
C

14
N

-
, 

12
C

15
N

-
, and 

28,30
Si

-
 (se-

quence 3) to hunt for N anomalies. Sufficiently high 

mass resolution was used to separate the isobaric mass 

peaks of 
12

C
14

N, 
13

C2, and 
12

C
13

C
1
H (MRP>10000, 

where MRP is Cameca’s definition of mass resolving 

power); and 
12

C
15

N and 
13

C
14

N (MRP~6000). San Car-

los olivine and cyanoacrylate ‘Krazy’ glue (δ
15

N= 

2.3±0.2‰) were used as isotopic standards. 

Isotopically anomalous regions or grains 

(‘hotspots’) were defined by >5σ deviation from the 

terrestrial isotopic ratios and if present in more than 

three consecutive images. Hotspots close to the edges 

of the image were carefully evaluated or ignored be-

cause of edge effects or image shifts during acquisition.  

A SiC wafer was measured under identical condi-

tions as the sample to compare with the Si/C ratios of 

the N-anomalous ‘hotspots’. The 
28

Si
-
/
12

C
-
 ratio of the 

SiC wafer is unity with a relative error of 3‰ for six 

imaging measurements, consistent with the very similar 

relative sentivity factors or useful ion yields for C and 

Si (4.8×10
22

 atoms/cm
3
 vs 5.0×10

22
, atoms/cm

3
 respec-

tively) acquired with the IMS 3f [8]. Grains with local-

ized N anomalies in the ratio images and 
28

Si
-
/
12

C
-
 rati-

os between 1.00±0.02 (2σ) were defined as presolar 

SiC grains.  

The standard procedure described by [9] was used 

to extract and thin isotopically anomalous areas to elec-

tron transparency with the FEI Nova 200 focused-ion-

beam scanning-electron-microsope (FIB-SEM) at 

ASU. Subsequently FIB sections were examined with a 

200 keV JEOL transmission electron microscope 

(TEM) equipped with an energy-dispersive X-ray spec-

trometer (EDS) and bright- and dark-field scanning 

TEM (STEM) detectors. 

Results: One O-anomalous grain (
17

O/
16

O= 

(9.96±0.75)×10
-4

; 
18

O/
16

O= (19.49±0.96)×10
-4

), about 

120×360nm in size was identified from a 9000μm
2
 

analysis area. This group 1 silicate grain (δ
29

Si= -
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20±106‰, δ
30

Si= +25±127‰) has terrestrial Si isotop-

ic composition. Effects on Si isotopic measurements 

due to isotopic dilution cannot be ruled out [2] because 

the grain is surrounded by silicate grains of solar sys-

tem origin. The distribution of presolar grains is often 

heterogeneous [e.g., 1], and NanoSIMS users tend to 

scan 100−500μm within a region where abundant pre-

solar grains have been identified. This potential bias 

was avoided by scanning several different areas in the 

matrix of QUE 97416. 

Presolar SiC grains are absent in the 11450μm
2 
area 

that was analyzed. Multiple regions with 
15

N excesses 

(δ
15

N= 1447±322‰ to 3069±108‰) and normal 
12

C/
13

C ratios (within 2 errors) were identified in the 

5350μm
2
 analyzed area. The hotpsots are <600nm in 

size and the 
15

N enriched material is not observed in 

the entire 10×10μm
2
 ion images. The isotopic hotspots 

are either C-poor (
28

Si
-
/
12

C
-
 ratio>1) or C-rich (

28
Si

-

/
12

C
-
 ratio<1), with the latter fraction being more abun-

dant. TEM analysis of two N-anomalous hotspots from 

the C-poor fraction and its surrounding matrix revealed 

that the carrier of the N anomalies were amorphous and 

C-bearing organics. Sheet silicates were absent.  

Discussion: The lone presolar silicate grain in QUE 

97416 likely formed in a Red Giant or Asymptotic Gi-

ant branch star that evolved through the first dredge-up 

episode [10]. In comparison, the observed 
15

N excesses 

are hypothesized to have been produced via cosmic-ray 

bombardment on grain surfaces [6].  

Low-temperature aqueous alteration on the QUE 

97416 parent body seems unlikely to explain the low 

presolar silicate abundance because sheet silicates were 

not observed in the FIB section. Although the resi-

dence life of QUE 97416 in Antarctica is unknown we 

expect that some presolar grains should have survived 

the conditions in the cold desert. For example, Acfer 

094 has high abundances of presolar silicates, although 

it experienced terrestrial alteration to some extent [11]. 

Furthermore, QUE 99177, belonging to the weathering 

grade Be, has one of the highest concentrations of sili-

cate grains [1]. 

We therefore hypothesize that the primary reason 

for the low presolar grain abundance in QUE 97416 is 

due to thermal processing either in the asteroidal parent 

body or in the nebula. We have observed a high silicate 

grain abundance in the pristine CO3 chondrite ALHA 

77307 [3] in contrast to QUE 97416. One of the main 

differences observed between the two COs are the tex-

tures of their matrices. QUE 97416 has a much coarser 

average grain size than ALHA 77307, possibly a result 

of partial melting and recrystallization during heating. 

In fact, the texture of the analyzed areas in QUE 97416 

are similar to the lithic clasts present in the Isheyevo 

CH/CB chondrite [12, 13], which exhibits large 
15

N 

anomalies. We also note that the range of Fe/Mg ratios 

in Amoeboid Olivine Inclusions (AOIs) in QUE 97416 

were attributed to thermal metamorphism [14]. In addi-

tion, the low presolar grain abundances from our work 

supports the claim by [14] that QUE 97416 belongs to 

a higher petrologic type than suggested by [7].  

The degree of the 
15

N enrichments in QUE 97416 

remains high, despite the processing that this type 3.2 

chondrite may have experienced. Localized anomalies 

are present in QUE 97416 similar to that observed in 

ALHA77307 [3], even if the bulk of ALHA77307 ex-

hibits terrestrial N isotopic composition (δ
15

N~3‰; 

[15]). Although thermal processing may have de-

stroyed presolar grains, some of the carbonaceous ma-

terial in QUE 97416 remained intact, which indicates 

the latter’s resistance to thermal metamorphism. Elec-

tron energy-loss spectroscopy (EELS) will be used to 

investigate the functional chemistry of the organics 

exhibiting the N anomalies. Raman Spectroscopy that 

is particularly sensitive to thermal metamorphism or 

shock metamorphim will provide information about the 

structural ordering of the organics. Results from both 

these analyses will be presented at the meeting.  
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