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Introduction:  To address the need for in-situ da-

ting on the Moon and other extraterrestrial bodies, we 

have developed the Chemistry, Organics, and Dating 

EXperiment (CODEX). For the Moon, the organics 

detection mode is dropped and CODEX  becomes 

CDEX. In both cases, a Laser Ablation Resonance 

Ionization Mass Spectrometer (LARIMS) is used to 

obtain Rb and Sr isotopic measurements on hundreds 

of spots in a sample to produce a rubidium-strontium 

(Rb-Sr) isochron that reveals the age of the sample. 

CDEX was the centerpiece of our recently proposed 

“Moon Age and Regolith Explorer (MARE)” Discov-

ery Mission. Herein, we describe CDEX and support 

equipment and instrumentation needed to obtain accu-

rate (±200 Ma) in-situ radioisotopic ages of rocks on 

the Moon. With the addition of a vacuum system, es-

sentially the same system could be used on Mars.  

CDEX Instrumentation: Fig. 1 shows a model of 

the lander from our MARE proposal and highlights 

some of the required subsystems for an in-situ dating 

experiment, including (1) a Sample Handling System, 

comprising an articulating arm with rake and gripper 

and a sample surface grinder, (2) an arm-mounted im-

aging camera (eagle-eye camera; EEC) to survey the 

surrounding area and guide sample acquisition, (3) an 

arm-mounted infrared emission spectrometer (IRES) 

for mineralogy information and thermophysics, and (4) 

the CDEX LARIMS instrument, which is used pri-

marily for isotope measurements but can be operated 

in a mode that gives the elemental composition of the 

sample. 

Sample Identification – EEC and IRES.  The EEC 

and IRES instruments are mounted on the robotic arm 

(Fig. 2). Once on the surface, the lander deploys the 

the arm and manipulates it so that the EEC can take a 

panoramic survey of the site. The EEC, supplied by 

PSI/Malin Space Science Systems (PI, R. A. Yingst), 

is a high-TRL version of the Mars Science Laboratory 

(MSL) MAHLI camera. In addition to generating a 

panorama of the arm area immediately after landing, it 

will also provide high-resolution images of samples 

before and after grinding. The camera has an adjusta-

ble working distance from 2.1 cm to infinity with a 

field of view (FOV) of 26.8° to 31.1°.  

Once twenty sample candidates are identified from 

the EEC images, the arm is used to point the IRES at 

each one to provide IR spectra for mineralogy infor-

mation. IRES, built by Arizona State University (PI, P. 

Christensen), provides near-infrared (NIR, 1-2.5 μm) 

and thermal infrared (TIR, ~5.5-50 μm) point spectra 

with 10 cm
-1

 sampling. IRES is high-TRL, derived 

from the MER Mini-Thermal Emission Spectrometer 

(Mini-TES) and the OSIRIS-Rex Thermal Emission 

Spectrometer (OTES). The IRES FOV is 0.2°/0.9° 

(NIR/TIR) and is not obstructed by the arm. Arm mo-

tion extends the effective FOV to at least 226° azimuth 

and 60° elevation. 

Sample Collection and Processing – The robotic 

arm is key not only to pointing the EEC and IRES, but 

also to collecting, processing, and manipulating the 
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sample. Designed and built by MDA US (PI, S. 

Dougherty), the arm is a four degree-of-freedom de-

vice based on MDA’s heritage ultra-lightweight flight 

robotic manipulators. The arm is mounted low on one 

of the lander legs to maximize reach. Attachments on 

the arm’s end enable raking the lunar surface to expose 

rocks (if needed) and acquiring selected rocks with a 

gripper. The arm-gripper combination has successfully 

retrieved rock samples from a surface in field testing 

(Fig. 3). 

 Figure 3. MDA arm-gripper system in field tests. 

Once the sample is acquired, it is aligned with a 

Rock Abrasion Tool (RAT) via a dust-tolerant docking 

mechanism and is ground flat on one side. The RAT, 

designed and built by Honeybee Robotics (PI, K. Zac-

ny), is TRL-8 and is based upon the very successful 

MER RAT. The docking system uses gross and fine, 

fully passive alignment features. It allows for ± 20° 

angular and 1.5-cm radial initial misalignment and has 

been tested in a lunar vacuum chamber in the presence 

of JSC-1a lunar soil simulant. The RAT, shown in Fig. 

4, grinds an area at least 1 cm
2
 on the rock by spinning 

a grinding wheel with diamond abrasive material at up 

to 3000 rpm, which is mounted off-axis on a base that 

revolves at 3 rpm. It can grind >30 rocks and create 

surfaces with roughness Ra<10 microns. 

LARIMS – Isotope dating by Laser-Ablation Reso-

nance Ionization Mass Spectrometry (LARIMS) has 

been developed at the SwRI Boulder facility over a 

number of years [1]. LARIMS combines: a) laser abla-

tion to vaporize a small amount of the sample surface, 

b) resonance ionization to provide selective, efficient 

ionization of the desired element, and c) mass spec-

trometry to provide isotopic information. Pulse-

amplified fiber lasers are used both for ablation and 

resonance ionization. Under MatISSE 2014, Aerospace 

Corp. (S. Beck) is building miniature fiber lasers for 

the 266-nm ablation laser and for the strontium reso-

nance ionization system (see abstract “Development 

and Maturation of the Fiber-Laser Subsystem for the 

CODEX Instrument”). Under a submitted MatISSE 

2016, we plan to build a miniature rubidium resonance 

ionization laser system.  

The mass spectrometer is based on a TRL-8 reflec-

tron time-of-flight (RTOF) unit designed and con-

structed by the University of Bern (PI, P. Wurz) for the 

Luna-Resurs lunar mission. The Bern group has modi-

fied a similar RTOF-MS to be used with our LARIMS 

technique and that unit is presently undergoing tests in 

our SwRI Boulder research facility.  

The sample rastering system (SRS) provides X,Y 

positioning for fine adjustments of the sample position 

at the interface with the mass spectrometer. After 

CDEX analysis of a spot, the SRS translates to a new 

position on the sample or on the built-in standard. Typ-

ically a total of 240 spots are analyzed on the sample 

and 60 on the standard creating an array of mass spec-

tra. The SRS mechanism, designed and built by MDA 

US, uses actuators based upon TRL 9 MSL MAHLI 

and Mastcam mechanisms.  

Figure 5 shows a model of the LARIMS system de-

signed for flight. In a recent design update, the plane of 

the fiber spools is vertical. 

References: [1] Anderson F. S., Levine J., and 

Whitaker, T. (2015) Rapid Comm Mass Spectrom 

29(2), 191-204.  

Figure 4. Rock Abrasion Tool with docking mech-

anism removed. 
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Figure 5. CDEX LARIMS Isotope Analysis Instru-

ment.  Enclosure is approximately 18”18”18”. 
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