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An understanding of the initial distribution, abundances and chemical 
composition of planetary volatiles may help to determine the evolutionary 
tracks taken by primitive atmospheres. In this respect, the origin and 
evolution of the Earth's early atmosphere has long been a topic of great 
interest but determination of actual compositions over geologic time is a 
difficult geochemical problem. Recent systematic studies of stromatolite 
deposits by Schopf (1) has extended our knowledge of Archean ecosystems. It 
hasbeen shown that many stromatolite deposits have undergone negligible 
alteration since their time of formation. The discovery of primary fluid 
inclusions within unaltered 3.5 b.y. old Archean samples (2) and the 
observation (3) that 3.5 b.y. old cherts from the Barberton, South Africa, 
region have remained closed to argon loss and not been subjected to thermal 
metamorphism suggests that an opportunity exists for the direct measurement of 
volatile constituents present at their time of formation. Of primary interest 
to this study was the possibility that the stromatolites and other Archean 
rocks might retain a vestige of the atmosphere and thus afford an indication 
of the variation in nitrogen isotopic composition with time. 

A number of essentially unaltered Archean stromatolites and cherts of 
different ages and from geologic sites have been subjected to nitrogen isotope 
studies using stepped extraction techniques. Studies of modern day sediments 
(4) have shown that both nitrogen and carbon associated with organic matter is 
released in the 300 to 700°C temperature interval during combustion. Thus, 
stepped extraction applied to Archean samples should permit the separation of 
contamination and organic components containing nitrogen and the nitrogen 
released at high temperature should be that associated with the mineral matrix 
of the host. A sample of the Barberton chert which is known to contain no 
organic or stromatolite materials showed no significant nitrogen release until 
above 7000C. In contrast, a sample of the Frere Formation chert (1.7 b.y. 
age) which is known to contain stromatolites, released major amounts of 
nitrogen below 700°C. Therefore, it is assumed that all nitrogen and carbon 
phases released below 700 to 800°C for unmetamorphosed samples can be related 
to organic components. 

The nitrogen abundances and isotopic compositions for three Archean 
samples of widely differing ages and modes of formation are given in Table 1. 
Samples studied included the Frere Formation chert from the Earaheedy Group, 
Nabberu Basin, W. Australia, the Marra Mamba Banded Iron Formation of the 
Hamersley Group (2.5 b.y. age), Hamersley Basin, W. Australia and the 
Barberton chert described by De Wit et al. (3). All three samples were 
essentially unmetamorphosed. 

The Frere Formation chert was depositied within the photic zone on a 
shallow platform and reworked by wave action (1). The stromatolites present 
in the sample are typical of materials deposited in an oxidising environment. 
Nitrogen released below 8000C (see Table 1) is a two component mixture; the 
lower temperature (below 4000C) species isotopically heavy (+18%0), possibly 
from recent contamination, and the high temperature element isotopically light 
(-30%0) and could be nitrogen associated with the indigenous organic phase 
(400 to 7000C interval). Mineral matrix nitrogen released above 9000C became 
progressively lighter (ie. changed from +12 to +I%=) with increased extraction 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



NITROGEN IN ARCHEAN SAMPLES 

E.K. Gibson Jr. et al. 

temperature. 
The Marra Mamba Banded Iron Formation was deposited as chemical 

precipitates in an "exceptionally still and quiet subaqueous environment" (1). 
Again the low temperature nitrogen is a two component mixture, however, the 
amounts released are far smaller than from the Frere Formation and the 
isotopic compositions less extreme. The isotopically light component (600 to 
8000C) has a 5 1 5 ~  of only -18%0. Nitrogen released between 900 and 1200°C 
ranged from +1 to +5%0. 

As already stated, the Barberton chert (sample number RHB3) does not 
release nitrogen below 700°C in keeping with the observation that the sample 
does not contain organic material. Greater than 95% of the nitrogen is 
released above 700°C with an isotopic composition between +4 and -2%,. De Wit 
et al. (3) noted that the argon present in the sample had not exchanged with 
modern day argon since the time of formation and was probably an original 
sample of the Earth's atmosphere 3.5b.y. ago. If a similar argument is used 
for the nitrogen present in the sample, it is suggestive that the Earth's 
atmospheric nitrogen isotopic composition 3.5 b.y. ago is similar to the 
present day value. 

Preliminary analysis of a sample of Isua metaquartzite (3.75 b.y. age) 
has shown that high-grade metamorphic Archean samples do not contain the 
nitrogen components which can be released between 700 and 1200°C. For the 
Isua sample, only minor quantities of nitrogen are released with a 615N 
similar to the analytical systems's blank. 

Overall, the stepped extraction technique demonstrates that nitrogen 
within Archean samples exists in at least three forms of different isotopic 
composition, ranging from -30 to +18%0. The results from the stepped 
extractions clearly indicate that bulk nitrogen isotopic measurements for 
Archean samples are of little value. The nitrogen isotopic measurements for 
three Archean samples ranging in age from 1.7 to 3.5 b.y. reveal a high 
temperature component of possible Archean atmospheric nitrogen which is only 
slightly different from the b 1 5 ~  observed for present day atmosphere. 
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