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Introduction:  More and more evidence is being 

accumulated that Mars has experienced aeolian, flu-
vial, and periglacial activity in the (relatively) recent 
past [1, 2, 3].  However, the temporal scale on which 
these processes took place is very poorly constrained 
since crater counting has errors comparable to the age 
for younger terrains (~1 Ma).  Consequently, many 
researchers have called for methods to establish the 
climatic and geomorphic history of Mars [4].   

Lepper and McKeever [5] suggested developing 
optically stimulated luminescence (OSL) dating tech-
niques for in-situ dating of martian sediments.  Elec-
tron paramagnetic resonance (EPR) is closely related 
to OSL and could easily be incorporated on the same 
instrument platform [6].  These two methods can aid in 
developing a geological and climatic history of Mars 
over the last ~one million years. 

Since the initial investigations, work has been car-
ried out to develop OSL instrumentation and dating 
procedures that are suitable to the unique challenges of 
the martian environment.  In this paper, we highlight 
the advances made in this project, focusing on OSL 
dating principles, assumptions, and procedures.  

OSL Dating Principles:  Luminescence dating is 
based on solid-state properties of mineral grains that 
allow them to record their exposure to radiation.  The 
recorded radiation exposure can be measured by stimu-
lating the sample with light of one wavelength and 
monitoring the emitted luminescence in another wave-
length (optically stimulated luminescence, OSL).  The 
intensity of luminescence is a function of the absorbed 
natural radiation dose.  If the rate of natural irradiation 
of the grains can be determined, then dividing ab-
sorbed dose by dose rate gives a radiation exposure 
age, according to: 
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where the SI unit for dose is the Gy (Gray, 1 J/kg).   
The equivalent natural dose absorbed during burial 

may be determined from the response of the OSL sig-
nal to radiation.  Thereby the so-called single-aliquot 
regenerative-dose (SAR) procedure [7] (Table 1) is 
assumed. 

The technique of luminescence dating is well 
established for age-dating sediments on Earth.  There 
is an abundance of published examples throughout the 
terrestrial geologic literature describing successful 
applications of the technique.  Recent examples can be 

found in the proceedings of the Luminescence and 
Electron Spin Resonance Dating conferences: Quater-
nary Geochronology V.13 no.5-7, V.16 no.3-5, V20 
no.5-9. 

OSL dating assumptions and procedures:  Although 
OSL dating has been successful in dating terrestrial 
sediments, the assumptions taken and procedures used 
on Earth cannot be automatically extended to the mar-
tian environment.   

Bleaching assumptions.  The entire premise of 
OSL dating is that the sediments to be dated were ex-
posed to sufficient amounts of light at the time of 
deposition to erase any previously accumulated signal.  
In terrestrial applications, this “zeroing” of the signal 
is accomplished within a few minutes of exposure to 
sunlight [8], but the solar spectrum on Mars is differ-
ent than on Earth and may lead to different bleaching 
characteristics.   

Whereas on Mars the visible part of the solar spec-
trum is less intense, the UV component (~200-300 nm) 
exceeds that on Earth.  We have used a solar simulator 
to mimic the martian solar spectrum and test the 
bleaching characteristics of various feldspars.  How-
ever, the results are preliminary and the full implica-
tion of these experiments is not yet apparent. 

Dose rate calculations.  The annual dose rate 
comes from galactic cosmic rays (GCR), solar particle 
events (SPE), and radioisotopes (U, Th, K) in the soil.  
For Mars, the contribution from radioisotopes is 
probably around 0.4 mGy/yr [9].  Using particle trans-
port calculations with the HZETRN code [10], the 
GCR and SPE contribution can be expected to be 53.7 
mGy/yr at the surface of Mars [6].  Thus, down to a 
depth of ~2 m, the dose rate is dominated by GCR and 
SPE and a reasonable estimate of the dose rate can be 
calculated. 

OSL procedures.  The previously mentioned SAR 
procedure [7] has been effectively used for quartz and 
slightly modified for polymineral fine-grain materials 
[11].  The procedure uses signal from a test dose ad-
ministered after the regeneration dose measurement to 
monitor, and thereby correct for, any sensitivity 
changes that the sample experiences during the meas-
urement process.  It was found best to use different 
heating methods after the regeneration and test dose 
irradiations  (steps #2, 5 in Table 1).  By using a range 
of regeneration doses, a calibration curve can be ob-
tained and the natural dose can be determined through 
interpolation.   
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However, any OSL dating procedure used on Mars 
needs to be a coarse-grain, polymineralic procedure as 
chemical mineral separation will not be possible on an 
in-situ instrument, and the majority of the polymineral 
grains will probably be feldspathic.  Our experiments 
show that the SAR procedure can be used for feld-
spars, but the two heating steps in the procedure 
should be identical in both temperature and duration.  
Using this slight modification of the SAR procedure, 
we have been able to recover known laboratory doses 
from coarse-grain feldspar samples whereas previous 
such attempts have failed [12].  Furthermore, experi-
ments indicate that this same preheating routine can be 
used for quartz, although the range of allowable pre-
heats may be smaller.  

Instrumentation:  Low power, low volume, low 
weight and economical data acquisition are common 
requirements for all components of instrument systems 
on spacecraft. Potential components and considera-
tions for an OSL instrument include the following: 

OSL stimulation sources.  Considering that the 
mineralogy upon which the method will be focused is 
only broadly defined, a combination of visible (green) 
and infrared stimulation sources will probably be re-
quired. We have monitored the stability of Nichia In-
GaN green LEDs as a function of radiation and at low 
temperatures. The LEDs are radiation hard in that their 
performance does not degrade (peak emission stable 
within ±1 nm, and output intensity stable within ±5%) 
as a function of gamma dose up to absorbed doses of 
500 Gy. Additionally, the emission spectrum remained 
constant and the power output increased when oper-
ated in constant current mode (2 mA) at low tempera-
tures, down to -160.C. Thus, these devices will pro-
vide suitable stimulation sources for OSL dating of 
martian sediments. 

Light detection system.  We have carried out tests 
on a Hamamatsu Si Avalanche Photodiode S5343, a 
Hamamatsu H6240 side-window photomultiplier tube 
with integrated photon counter and power supply, and 
an Electron tubes Photodetector module DM0016C. 
Selection of these devices was based on wavelength 
range, quantum efficiency and operational tempera-
ture.  The measurements of spectral response and sen-
sitivity of these detectors demonstrate that a photomul-
tiplier tube such as the Hamamatsu H6240C would be 
the most appropriate type of detector. 

Radiation source.  To avoid the use of radioiso-
topes we have chosen an x-ray system for the radiation 
source in the instrument. We have identified a Moxtek 
"Bullet" miniature x-ray source (4W, 40 kVp) as a 
suitable x-ray system as it has an equivalent activity of 
approximately 1 Ci.  Independent sources have shown 

that such an x-ray system can be effective in OSL dat-
ing [13]. 

Conceptual instrument.  One potential conceptual 
OSL instrument design, which incorporates the above 
design elements, was discussed by McKeever et al. 
and is reproduced in Fig. 1. The addition of EPR as a 
measurement tool is possible due to the development 
of a miniature, frequency-scan ESR spectrometer 
based on a dielectric resonator and a Halbach 
dipole magnet [14]. 
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1. Regeneration radiation dose (Di) 
2. Preheat at Tx

oC for 10 s 
3. Measure OSL at 125oC (Ri) 
4. Fixed test radiation dose (TDi) 
5. Cutheat to Ty

oC  
6. Measure OSL at 125oC (Ti) 
7. Repeat steps 1-6 for a range of regeneration doses  
8. Find sensitivity-corrected OSL (Li=Ri/Ti) 

Table 1: Steps in the SAR procedure.  Tx and Ty de-
termined from experiment 

 

 
Fig. 1: Conceptual instrument 
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