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Analysis of Zag Meteorite Water

Permanently shadowed regions of the Moon have condensibles
like H2O as suggested by  neutron flux observations by LCROSS[1].  
Other condensibles may include CO2 and H2S. 
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Pulse analysis of water sample after trapping and release
upon thawing can be used to determine isotopic
composition of samples as small as 0.25 microLiters [3].

• In-situ determinations of the isotopic composition of volatile 
compounds such as water should help us constrain their 
origins

• Traditional isotope ratio mass-spectrometry (IRMS) 
instruments, which typically achieves isotopomer separation 
and quantification using magnetic fields, are too massive for 
deployment as planetary instruments

• Cavity Ring Down spectroscopy (CRD), however, makes use of 
tunable IR lasers and the existence of distinct IR absorption 
resonances ( e(l) ) to quantify the abundances of gas-phase 
molecules

• In recent years, CRD has been commercialized to carry out 
isotope ratio mass-spectrometry in terrestrial applications

Goal: Develop Flight Ready Prototype to 
determine the isotopic composition of 
lunar volatile compounds such as H2O, 
CO2, H2S, etc. using  Cavity Ringdown 
Spectroscopy

I(t,�) = I0(�)e
�t/⌧(�)

<latexit sha1_base64="w+h7yOI+CI/syLNrvgvpawxzMmg="></latexit><latexit sha1_base64="w+h7yOI+CI/syLNrvgvpawxzMmg="></latexit><latexit sha1_base64="w+h7yOI+CI/syLNrvgvpawxzMmg="></latexit><latexit sha1_base64="w+h7yOI+CI/syLNrvgvpawxzMmg="></latexit>

1/⌧(�) = 1/⌧0(�) + 1/⌧sample(�)
<latexit sha1_base64="1azY7QAEJxk9JV2Yc0bB5vAdoak="></latexit><latexit sha1_base64="1azY7QAEJxk9JV2Yc0bB5vAdoak="></latexit><latexit sha1_base64="1azY7QAEJxk9JV2Yc0bB5vAdoak="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="8HK4OP6fXu7i/7nrrhAtZr0x1MQ=">AAACHHicbZDLSgMxFIbPeK1j1erWTbAIFaHOuNGNIrhxWcFeoC3DmTRtQzMXkoxQhr6NG1/FjaAi+jZm2qFo64HAn+/PSXJ+PxZcacf5tlZW19Y3Ngtb9nZxZ3evtF9sqCiRlNVpJCLZ8lExwUNW11wL1oolw8AXrOmPbjO/+cik4lH4oMcx6wY4CHmfU9QGeaVr96yjMal0hOnp4cnVbO85c0JOSc5ShUEs2GRu2bZXKjtVZ1pkWbi5KENeNa/01ulFNAlYqKlApdquE+tuilJzaq62O4liMdIRDljbyBADprrpdM4JOTakR/qRNCvUZEp/d6QYKDUOfHMyQD1Ui14G//Paie5fdlMexolmIZ091E8E0RHJQiM9LhnVYmwEUsnNXwkdokSqTbRZCO7iyMuicV51nap770ABDuEIKuDCBdzAHdSgDhSe4AXe4cN6tl6tz1lcK1ae2wH8KevrB9jNoeU=</latexit><latexit sha1_base64="G+aV2QxBYLsYid9Lxx8KlKMLBwU=">AAACHHicdZDNSgMxFIXv1L9aq1a3boIiKEJNurB1oQhuXFawtdCWcidNNTTzQ5IRyuDbuPFV3Agqom9jpq2iohcCJ9/JTXKPHytpLKXvXm5mdm5+Ib9YWCour6yW1opNEyWaiwaPVKRbPhqhZCgaVlolWrEWGPhKXPrD08y/vBHayCi8sKNYdAO8CuVAcrQO9UrHbL9jMdnpKNfTx92jyb5HvwjZI1OWGgxiJW6/rEKhV9qiZUopY4xkglUPqBOHh7UKqxGWWa62YFr1Xump0494EojQcoXGtBmNbTdFbSV3Vxc6iREx8iFeibaTIQbCdNPxnLdk25E+GUTardCSMf3ekWJgzCjw3ckA7bX57WXwL6+d2EGtm8owTqwI+eShQaKIjUgWGulLLbhVIyeQa+n+Svg1auTWRZuF8Dkp+V80K2VGy+ycQh42YBN2gEEVTuAM6tAADnfwAM/w4t17j97rJK6cN81tHX6U9/YBI4CiGw==</latexit><latexit sha1_base64="EGSNrMDORyAbPXayWZgZErRQm2E="></latexit><latexit sha1_base64="1azY7QAEJxk9JV2Yc0bB5vAdoak="></latexit><latexit sha1_base64="1azY7QAEJxk9JV2Yc0bB5vAdoak="></latexit><latexit sha1_base64="1azY7QAEJxk9JV2Yc0bB5vAdoak="></latexit><latexit sha1_base64="1azY7QAEJxk9JV2Yc0bB5vAdoak="></latexit><latexit sha1_base64="1azY7QAEJxk9JV2Yc0bB5vAdoak="></latexit><latexit sha1_base64="1azY7QAEJxk9JV2Yc0bB5vAdoak="></latexit>

1/⌧sample(�) / ✏(�)Cisotopomer
<latexit sha1_base64="MKNoWnv8b8cwNhORJI6x2aIZl4Q="></latexit><latexit sha1_base64="MKNoWnv8b8cwNhORJI6x2aIZl4Q="></latexit><latexit sha1_base64="MKNoWnv8b8cwNhORJI6x2aIZl4Q="></latexit><latexit sha1_base64="MKNoWnv8b8cwNhORJI6x2aIZl4Q="></latexit>

�j =

✓ jRSA(mi,mj)
jRST (mi,mj)

� 1

◆
⇥ 103

<latexit sha1_base64="in1FvQtFBSjDHEw7CSv/h7BtpwY="></latexit><latexit sha1_base64="in1FvQtFBSjDHEw7CSv/h7BtpwY="></latexit><latexit sha1_base64="in1FvQtFBSjDHEw7CSv/h7BtpwY="></latexit><latexit sha1_base64="in1FvQtFBSjDHEw7CSv/h7BtpwY="></latexit>

Rx(mi,mj) = Cx(mj)/Cx(mi)
<latexit sha1_base64="IdDuj4hzzZULzy8yMscbfhrxWew="></latexit><latexit sha1_base64="IdDuj4hzzZULzy8yMscbfhrxWew="></latexit><latexit sha1_base64="IdDuj4hzzZULzy8yMscbfhrxWew="></latexit><latexit sha1_base64="IdDuj4hzzZULzy8yMscbfhrxWew="></latexit>

Previous Work
• dD, d18O, d17O, D17O of 

H2O [2]

• Integration with 
Vacuum System

• Cryogenic trapping of 
small samples of H2O 
from experiments + 
Pulse Analysis [3]

Multi-oxygen isotopic composition 
of H2O using CRD as shown in [2]

Isotopic determinations of small natural samples extracted from
water-rich halite crystals found within primitive meteorite (Zag)
using CRD and CSUSM ICE apparatus (Ogliore et. al, in prep).

Future work will focus on additional volatile compounds with
upgraded laser technology and development of extraction
techniques from frozen soils as well as prototype instrument
development


