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Status of ASIAA NanoSIMS Facility & The AstroLab Initiative

Preliminarily results & discussion
We have experiments in progress to 
comprehensively analyze the meteorite samples 
using various methodologies. These include 3D 
tomography at different energy levels and infrared 
(IR) spectrum analysis using synchrotron-based 
instrumentation. Given the typically small size of 
the particles, ranging from millimeters to 
micrometers, these experimental methods and 
instruments are crucial.
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Methodology

Overview
The Laboratory of Nanometer-scale secondary ion mass 
spectrometry (NanoSIMS) is a joint venture of the Institutes of 
Astronomy and Astrophysics (ASIAA), and Earth Sciences, in 
Academia Sinica (ASIES). Its primary function is to advance 
research across numerous disciplines, from biology to earth and 
planetary science, including nuclear astrophysics, astrobiology, 
geochemistry, marine biogeochemistry, and plant biology. The 
AstroLab Initiative is a consortium built upon laboratory 
instruments operated by the ASIAA, the ASIES, and the National 
Synchrotron Radiation Research Center (NSRRC) to analyze 
planetary materials recovered from the Early Solar System. The 
primary objective is to unravel the mysteries of the early solar 
system, specifically the study of CAIs, chondrules, and the 
presolar grains. Together, we aim to drive scientific 
breakthroughs and shed light on the fundamental processes of 
life on Earth and in the cosmos.

NanoSIMS is now part of AS core facility
The NanoSIMS machine is housed in Interdisciplinary
Research Building for Science and Technology, Academia 
Sinica. It is the only one NanoSIMS in Taiwan and was 
installed as the 33rd NanoSIMS in the world. Our NanoSIMS 
is equipped with both Cesium and duo-plasmatron Oxygen 
sources. All 7 detectors can be manually switched between 
Faraday cup and electron multiplier. We have implemented 
gold maintenance contract for 10 years from Cameca. 
Functions of the NanoSIMS operate well currently. We 
welcome collaboration from all scientific fields to form a  
community. (nanosims@asiaa.sinica.edu.tw). Please assess 
our website and access application through the barcode 
above.

Fig 2. Isotope diagram for 26Al-poor CAIs (Yung-Hsin Liu et al., 
unpublished)
● 16O-poor hendenburgite (Hed) and ferroan olivine(Ol) are 

resulted from fluid metasomatism on CV parent body.
● The pristine isotope signatures are preserved in the 

relatively robust Al-diopside (Al-Di), Mg-rich olivine, and 
spinel (Sp).
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Meteorite Samples
Our research focuses on two remarkable fallen 
meteorites: Allende (CV3) and Murchison (CM). 
These carbonaceous meteorites contain 
valuable relics from the past, including 
calcium-aluminum-rich inclusions (CAIs), 
chondrules, and presolar grains, all of which 
hold crucial information about the formation of 
our solar system. 

We are currently designing laboratory 
experiments to gain a deeper understanding of 
these pristine particles, which existed before 
our solar system was born. Our investigations 
span from morphology, mineralogy to 
petrology, as we seek to uncover the mysteries 
leading to the formation of our Solar System.

Future work (NWA 16097)
With recent missions returning fresh samples from 
asteroids, such as the Hayabusa 2 spacecraft’s visit to 
the Ryugu asteroid and OSIRIS-REx's trip to the Bennu 
asteroid, we eagerly anticipate more results about these 
celestial enigmas, alongside researchers from around 
the world.
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Figure 6. NASA's first asteroid sample return, OSIRIS-REx(a)(b)；Ryugu 
asteroid(c) and Hayabusa 2 spacecraft(d).(credit:NASA)

Figure 5. (a) SEM image of Allende CAI (b) STXM tomography 
image of Murchison insoluble organicI matter (IOM). 
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Figure 4. (a)~(d)Murchison grains TXM tomography 
image. (e)~(h) Allende chondrules PXM tomography 
image.
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FIgure 1 . Finding presolar grains on NWA 801. (a) Stitched 
NanoSIMS images of 17O/16O acquired  on the surface of 
meteorite NWA 801. A group 2 presolar  grain was identified in 
the yellow circle. The enlarged 17O/16O image and 18O/16O are 
shown as (b) and (c).  (Manish N. Sanhani  et al., 2021)

Fig 3. 12C
2, 

16O, and δ 15N nanoSIMS images of Bells (upper 
panels) and Maribo (lower panels) TEM sections. White 
spheres indicate organic matter, with high C/O ratios. 
(Elishevah M.M.E. Kooten et al., (2018) Geochimica 
Coschemica Acta)

SCI Publications
Ghoshmaulik, S., S. K. Bhattacharya, M. Hazra, P. Roy, M. A. Khan, M.-C. Liang, Y. Iizuka, S.-Y. Hsiao, 
D.-C. Lee, and A. Sarkar (2023), Triple
oxygen isotopes in intertrappean fossil woods: Evidence of higher tropical rainfall during Deccan 
volcanism, Chemical Geology, 121599.

Hara, S., N. Wada, S. S.-Y. Hsiao, M. Zhang, Z. Bao, Y. Iizuka, D.-C. Lee, S. Sato, S.-L. Tang, and K. 
Minamisawa (2022), In Vivo Evidence of Single
13C and 15N Isotope–Labeled Methanotrophic Nitrogen-Fixing Bacterial Cells in Rice Roots, mBio, 
e01255-01222.

Lin, P.-Y., C.-F. Lin, Y.-Y. Chiu, H.-H. Chen, M.-H. Li, R. Raja, C.-S. Wu, C.-H. Hou, S. Sung-Yun Hsiao, and 
J.-J. Shyue (2022), Revealing the Role of
Thiocyanate for Improving the Performance of Perovskite Solar Cells, ACS Applied Energy Materials.

Sanghani, M. N., L. Lajaunie, K. K. Marhas, W. D. Rickard, S. S.-Y. Hsiao, Z. Peeters, H. Shang, D.-C. Lee, 
J. J. Calvino, and M. Bizzarro (2022),
Microstructural and chemical investigations of presolar silicates from diverse stellar environments, 
The Astrophysical Journal, 925(2), 110.

Wada, N., M.-T. Hsu, K. Tandon, S. S.-Y. Hsiao, H.-J. Chen, Y.-H. Chen, P.-W. Chiang, S.-P. Yu, C.-Y. Lu, 
and Y.-J. Chiou (2022), High-resolution
spatial and genomic characterization of coral-associated microbial aggregates in the coral Stylophora 
pistillata, Science advances, 8(27),
eabo2431.

Lajaunie, L., M. Sanghani, W. Rickard, S. S.-Y. Hsiao, Z. Peeters, H. Shang, D.-C. Lee, J. Calvino, K. 
Marhas, and M. Bizzarro (2021), Isotopic,
Structural and Chemical Analyses of Pre-Solar Silicates from Asymptotic Giant Branch Stars and 
Type-II Supernova Explosions, Microscopy and Microanalysis, 27(S1), 2782-2784.

Sanghani, M. N., K. K. Marhas, S. S.-Y. Hsiao, Z. Peeters, H. Shang, D.-C. Lee, and M. Bizzarro (2021), 
Presolar Silicate and Oxide Grains Found in Lithic Clasts from Isheyevo and the Fine-grained Matrix of 
Northwest Africa 801, The Astrophysical Journal Supplement Series, 253(2), 41.

Chang, H.-F., S.-L. Wang, D.-C. Lee, S. S.-Y. Hsiao, Y. Hashimoto, and K.-C. Yeh (2020), Assessment of 
indium toxicity to the model plant
Arabidopsis, Journal of hazardous materials, 387, 121983.

Yang, S.-H., K. Tandon, C.-Y. Lu, N. Wada, C.-J. Shih, S. S.-Y. Hsiao, W.-N. Jane, T.-C. Lee, C.-M. Yang, and 
C.-T. Liu (2019), Metagenomic,
phylogenetic, and functional characterization of predominant endolithic green sulfur bacteria in the 
coral Isopora palifera, Microbiome, 7(1), 1-13.

Shiao, J. C., K. Shirai, K. Tanaka, N. Takahata, Y. Sano, S. Sung-Yun Hsiao, D. C. Lee, and Y. C. Tseng 
(2018), Assimilation of nitrogen and carbon isotopes from fish diets to otoliths as measured by 
nanoscale secondary ion mass spectrometry, Rapid Communications in Mass Spectrometry, 32(15), 
1250-1256.

van Kooten, E. M., L. L. Cavalcante, K. Nagashima, T. Kasama, Z. I. Balogh, Z. Peeters, S. S.-Y. Hsiao, H. 
Shang, D.-C. Lee, and T. Lee (2018),
Isotope record of mineralogical changes in a spectrum of aqueously altered CM chondrites, 
Geochimica et Cosmochimica Acta, 237, 79-102.

http://nanosims.asiaa.sinica.edu.tw/index.php

mailto:nanosims@asiaa.sinica.edu.tw

