
Table 1: Definition of variables for K-Ar calculation. 
Variable Definition Variable Definition 
40

Ar*                  In-situ produced radiogenic Ar from sample 
39

Ku, 
40

Ku, 
41

Ku             Amounts of K in sample 
40

Arm,
36

Arm, 
39

Arm         Amounts of Ar measured 
39

Km, 
41

Km             Amounts of K measured 
39

Arspk, 
40

Arspk          Amounts of Ar in spike glass  
39

Kspk, 
41

Kspk               Amounts of K in spike glass 
40

Arair,
36

Arair              Amounts of air-derived Ar r40 = (
40

K/
39

K)nat             Known natural K isotopic composition  
Rair = (

40
Ar/

36
Ar )air         Known air Ar isotope ratio rnat = (

39
K/

41
K)nat            Known natural K isotopic composition  

Rspk=(
40

Ar/
39

Ar)spk              Known spike  Ar isotope ratio rspk = (
39

K/
41

K)spk            Known spike K isotope ratio 
Rm=(

40
Ar/

39
Ar)m                Measured  Ar isotope ratio rm = (

39
K/

41
K)m             Measured K isotope ratio 
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Introduction: The ability to measure absolute ages 

of planetary surfaces is a critical requirement for better 

understanding the geological evolution of planetary 

bodies. For the Moon, a detailed chronology has been 

established by absolute dating of returned samples 

from specific geologic units, combined with relative 

ages calculated using crater counting techniques (e.g. 

[1]). However, for Mars, in the absence of both sam-

ple-return and in-situ dating capabilities, we have no 

absolute markers for calibrating its now increasingly 

well-documented surface chronology. Instead, the dis-

tribution and frequency of Martian craters have been 

modeled using crater counting in an attempt to calcu-

late ages and characterise geological units (e.g. [2-3]). 

Whilst this technique was used to define the Noachian 

(4.57-3.7 Ga), Hesperian (3.7-3.3 Ga) and Amazonian 

(3.3 Ga–present) epochs [2-3], and though progress has 

been made to improve martian crater age modeling [4], 

two inescapable issues remain: 1) “Any estimate of the 

Martian absolute chronology involves, implicitly or 

explicitly, an estimate of the Mars/Moon cratering rate 

ratio” [3]; 2) Compared to the Moon, Mars is geologi-

cally active, which leads to a bias towards younger 

ages due to the continual removal of older craters by 

erosion. These issues may be responsible for signifi-

cant imprecision/inaccuracy in absolute ages, and ulti-

mately highlight the need for independent age determi-

nation from returned samples or by in-situ dating.  

In this research, we report the details of a new K-

Ar technique for in-situ dating - Isotope Dilution K-Ar 

Dating (ID KArD, see [5]). Importantly, our method 

does not require high fusion temperatures, nor a sam-

ple mass measurement – both difficult to achieve on 

Mars. The ID KArD technique has the potential to ad-

dress Mars chronology inaccuracies and may be suita-

ble for the recently-announced 2020 Mars rover. 

 ID KArD – Unique Features: Fundamental to 

our technique is the addition of an isotope dilution 

double-spike glass to the sample prior to analysis. The 

spike-glass acts as a tracer, and contains known 

amounts of isotopically enriched 
41

K (>95 %), and 

(following irradiation of the traces of 
39

K in the glass) 
39

Ar.  The known 
39

Arspk/
41

Kspk ratio can then be incor-

porated into the age equation (see below). Further-

more, we eliminate the need for high fusion tempera-

tures by using a lithium-borate flux agent (50% LiBO2, 

50% Li2B4O7). The flux acts to not only lower the re-

quired melting temperature, but also allows for isotop-

ic homogenisation of K and Ar in sample and spike-

glass at low temperatures of 950-1000 °C.   

ID KArD – Protocol: There are four main steps in 

our proposed technique: Step (1) A crushed/powdered 

sample extracted from the planetary surface is loaded 

into a small crucible and placed under vacuum. Cru-

cially, this crucible already contains the spike-glass 

and flux; Step (2) The sample-spike-flux-mix is heated 

to 950-1000 °C to degas Ar and volatilise K onto a 

filament; Step (3) After gas clean-up with getters, Ar 

isotope ratios are measured by electron impact ionisa-

tion mass spectrometry; Step (4) K isotope ratios are 

measured by thermal ionisation from the filament. This 

final step is highly efficient, and does not incur ionisa-

tion of potential organic phases that could otherwise 

create isobaric interferences on isotopes of interest. 

We are currently building a prototype instrument, 

which features two ionisation modes for separate Ar 

(Step (3)) and K (Step (4)) measurement, an electron 

impact ion source, and a quadrupole mass spectrome-

ter. Critically, this simple set-up alone would allow in-

situ K-Ar dating using ID KArD, and for the most part 

can be constructed from components demonstrated on 

previous missions. For our preliminary experiments, 

we used a slightly different technique to that described 

above, as two separate instruments were used for K 

and Ar analysis: For Step (3’), Ar was measured by 

noble gas mass spectrometry (MAP 215-50, Caltech); 

while for Step (4’), K was determined by Knudsen 

Effusion mass spectrometry (“KEMS”, Glenn). 
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Table 2: Summary of K and Ar results. 
Ratio Spike glass  JAC-1  

40
Ar/

39
Ar < 5 Rspk 44310 ± 740 Rm 

36
Ar/

39
Ar - - 102.5 ± 1.8 - 

39
K/

41
K 0.0390 ± 0.0006 rspk 4.71 ± 0.07 rm 

39
Ar/

41
K 1.453 ± 0.037 - - - 

 

ID KArD – Equations: The age equation for K-Ar 

dating is:    
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     ) (eq.1) 

where λ is the total 
40

K decay constant, λe represents 

the decay constant for the electron capture decay mode 

that produces 
40

Ar, 
40

Ar* is the radiogenic daughter 

product from in-situ decay, and t is the K-Ar age. An 

age determination thus requires measurement of the 
40

Ar*/
40

K ratio. For our technique, this is achieved by 

measuring the Ar and K isotopes released by heating 

the flux-sample-spike-glass mix, and using the equa-

tions below with the variables defined in Table 1.  

For Ar:                            
         (eq.2) 

          
       (eq.3) 

          
       (eq.4)  

where eq.2 highlights that some 
40

Ar will be terrestrial 

atmospheric contamination, eq.3 shows that all 
36

Ar is 

from atmosphere, and eq.4 shows that all 
39

Ar is from 

the spike glass. Combining eq.2-4 with the definitions 

in Table 1 yields: 
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For K:      
        

    
   (eq. 6) 
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        (eq.8)  

where eq.6-7 show mass balance, and eq.8 states that 

the K isotopic composition of the sample is that of 

natural K. Combining eq.6-8 with the definitions in 

Table 1 yields:              ( 
         
  
    

  
)        

    (eq.9) 

Finally, combining eq.5 and eq.9 yields the 
40

Ar*/
40

K 

ratio for the age determination: 
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    (eq.10) 

This equation also highlights that the sample mass is 

not required for age determination: all required meas-

urements for in-situ analysis are isotopic ratios, while 

ratios for the spike glass are determined on Earth. 

ID KArD – Preliminary Analysis: To test our 

method, we used a basalt with a typical K2O concen-

tration and a well-determined age. We selected a basalt 

from the Viluy traps, Eastern Siberia (whole rock 

crushate of 42a/01, [6]), which has a K2O content of ~ 

0.7 wt%, and concordant K-Ar and Ar-Ar ages of 

354.3 ± 3.5 and 357.7 ± 1.4 Ma respectively.  

For the Ar analysis (Step (3’)), we placed 10 mg of 

42a/01 along with a 179 µg spike glass fragment 

(“JAC-1”) into a Knudsen cell, which we loaded into 

the MAP 215:50. The cell contained ~150 mg of flux 

that had been previously degassed in the furnace 

(~1000 °C). After pumping to UHV, the cell was gen-

tly baked overnight (~100 °C) to remove adsorbed Ar. 

For analysis, the cell was heated for 30 minute periods 

in three steps at temperatures of 400 °C, 965 °C, and a 

repeat 965 °C to ensure complete degassing.  

For K analysis (Step (4’)), the Knudsen cell was 

removed from the MAP 215:50, shipped to Glenn, and 

loaded into a typical Knudsen cell heating assembly 

for KEMS. Vapour effused through an aperture in the 

cell lid was analysed by the magnetic sector mass spec-

trometer. High electron ionising energy was used to 

ensure that the K signal represented all vapour species.  

Results & Discussion: The results from this exper-

iment along with Ar and K ratios obtained separately 

for the spike glass are summarised in Table 2. For Ar, 

the results represent the sum of the 400 °C and initial 

965 °C step. The repeat 965 °C heating step yielded Ar 

that was similar to blank levels, thus proving that com-

plete Ar degassing is achieved at <1000 °C. By substi-

tuting the ratios from Table 2 into equation 10, and 

incorporating Rair of 298 (MAP 215:50 air standard), 

and the natural K isotope ratios r40 and rnat of 

0.0001255 and 13.85 respectively, we obtain a 
40

Ar*/
40

K ratio of 0.0225. Substituting this value into 

eq.1, we obtain a K-Ar age of 351 ± 19 Ma. This is in 

good agreement with the previously determined 42a/01 

ages of ~356 Ma. Importantly, our preliminary exper-

iment has shown that Ar and K isotope ratios can be 

measured by ID KArD on a single sample to yield ac-

curate  K-Ar ages, without the need for a sample mass 

measurement, or high temperatures.  

The precision on the age measurement is also sig-

nificant. Firstly, though ~ 6% uncertainty is relatively 

poor for an isotope dilution measurement,  the majority 

of our error stems from uncertainty in the Ar meas-

urement, which we can reduce in subsequent experi-

ments by using more spike glass, and by not breaking 

vacuum between cell degassing and sample introduc-

tion (a key feature of our prototype design). Secondly, 

even a 6% precision in terms of planetary surface da-

ting is still extremely useful, especially when compar-

ing directly with the significant uncertainties associat-

ed with Mars crater-counting ages 

Future Work: We plan to have a working proto-

type single instrument for K and Ar analysis within the 

next six months, as well as data for suitable planetary 

surface analogues, including further terrestrial basalts, 

impact glasses and Martian meteorites. 
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