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Differential thermal analysis (DTA) coupled with gas chromatography (GC) is an analytical 
technique under consideration by the Mars Science Working Group for its applicability to future 
U.S. Mars missions. Our studies suggest that DTNGC analyses provide a broad spectrum of data 
pertinent to mineralogy and exobiology (1). The DTNGC can detect a number of compounds 
including organic matter, H20, C a ,  and others, as well as provide mineralogical data degrees of 
hydration and salt composition. DTNGC can be regarded as an advancement from pyrolytic GC 
analyses that have been successfuily flown on previous missions, but have supplied only limited 
mineralogical information (2). 

Critical to any type of instrument used for analysis is to define its range and sensitivity. To 
determine the capabilities of the DTNGC to conduct analyses during a mission to Mars a two 
pronged approach was taken: 1) Analysis of clays, quartz, iron oxides, Fe-substituted clays, salts, 
and hydrated silicates, conducted individually and in mixtures in decreasing amounts until no 
thermal signature could be detected were performed 2) Analysis of samples collected from nature 
e.g., naturally occurring clays, evaporites, sandstones, silicates, and rocks, and the results 
compared to the standards. 

Analyses were conducted using a Dupont model 1600 high temperature DTA oven equipped with a 
model 910 cell base. Thmy mg of A1203 was used as the reference, and usually 30 mg of sample 
is analyzed. The chamber was sealed, and the analysis performed under a vacuum. The system is 
controlled by a Sun Sparc I1 workstation. Endothermic and exothermic events trigger a valve 
which allows any gas evolved to be expanded from the oven chamber into a GC sample loop for 
GC analysis. 

In general the limit of detecatbility for a pure mineral or organic compound in the DTA is - 1 % 
(wt/wt). For example, when 30 mg of a 1% kaolinite in washed ignited sand is analyzed the 
thermal signature for kaolinite can just be detected, but if a <1% kaolinite mixture is analyzed it 
cannot. Examination of the DTA signatures for Crook County Wyoming montmorillonite (Figure 
la), and for a typical kaolinite from Washington County, Georgia (KGa-1) (Figure 1 b) and a 1:l 
mixture (Fi,we lc) reveal that the high temperature transition for montmorillonite occurs as a sharp 
exothem at -950 OC, whereas for kablinite this transition occurs as an exothem at just above 1006 
OC. This difference in the high temperature transition is key in distin,@shing the different types 
of clays from each other using the DTA. 

Figure 2a depicts Fe enriched montmorillonite clay (total Fe=lO% dry wt) prepared by the 
procedure of Banin et al., (3,4). The endotherm occurring at 280 OC is due to the dehydroxylation 
of lepidocrocite (y-FeOOH) to y-Fg03 (maghemite). Calibration of the DTA using pure 
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Figure 1. DTA signatures for (a) montmorillonite, (b) kaolinite, and (c) a 1:l mix& of 
montmorillonite and kaolinte 
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lepidocrocite powder mixed with monmorillonite indicates that the limit of detectability for 
lepidocrocite in clay is 1% (wt/wt). Fi,oure 2b depicts Fe enriched montmorillonite clay (total 
Fe=3.5 % dry wt) that contains an amount of lepidocrocite that appears to be at the 1% limit of 
detectability, discernable by the small endotherm occurring at 280 OC. 
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Figure 2. DTA signstures for Fe enriched montmorillonite. a. DTA signature for monaorillonite 
containing 10% (dry wt) total Fe. b. DTA signature for montmorillonite containing 3.5% (dry wt) 
total Fe. 

The limit of detecta bility of pure magnetite pe;O4) obtained from Aqmpirillum magneroiacricm, 
is 0.03 mg (data not shown). Results of DTA analyses of magnetite from Isngoeming, &lI (Wards 
Scientific Supply) are illustrated in Fiewe 3 for a 50 mg sample. The exothermic peaks occurring 
below 125 OC are due to adsorbed water. The exothermic peaks occurring at 280 OC ,340 OC and 
472 OC are probably due to the oxidation of Fe;O4 to y-Fe203. The three peak temperatures might 
be caused by differences in the sizes of the iron particles (5). The endotherm occurring at 573.5 
OC is due to the Curie point for magnetite, this is foilowed by an exothem at 589 OC which is due 
to the transition of yFe203 + a-Fez03 (hematite). 
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Figure 3. DTA signstures for magnetite horn 
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