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Introduction:  One of the goals of geobiol-

ogy is to understand the early evolution of life by ex-
amining the nature of the most primitive organisms, 
the environment in which they evolved, and the way in 
which they influenced that environment.  Such en-
deavors assume that it is easy to differentiate the biotic 
from the abiotic, whether in ancient rocks on Earth or 
elsewhere in our solar system.  But what constitutes a 
robust biosignature?  What may seem straightforward 
in theory is difficult in practice.  Therefore, determin-
ing what is, or is not, a biosignature represents one of 
the most significant challenges in geobiology today. 
The focus of the research proposed here is on develop-
ing a new biosignature, based on magnetic susceptibil-
ity of microbialites, taking advantage of recent techno-
logical advances applied in a novel way to geobiologi-
cal questions.  

Microbialites are macroscopic sedimentary 
structures built by or influenced by microorganisms—
stromatolites, presumed to constitute some of the old-
est evidence for life on Earth1,2 - are probably the “ce-
lebrity” of the microbialite world. Stromatolites are 
most commonly defined as laminated organo-
sedimentary structures built by the trapping and bind-
ing and/or precipitation of minerals by microbial 
mats3,4.  By this definition, they would constitute a 
clear target for geobiology and astrobiology: a macro-
scopic structure but built by microscopic organisms too 
small to be seen.   

However, morphology can be deceiving.  
Abiotic structures that mimic “real” stromatolites are 
known.  The domed growth habit of many stromato-
lites commonly taken as a priori evidence of phototro-
phic microbial involvement has been identified in 
structures that grew in the absence of light, and many 
phototrophic mats do not form domes. Other abiotic 
processes, as common as mineral growth or as esoteric 
as paint spatter or electroplating of metals, are now 
known to create structures indistinguishable from 
“real” stromatolites5 at some scales.  Furthermore, nu-
merical stromatolite growth models imply that micro-
bial involvement may not be a prerequisite to form 
such morphologies at all6,7.   

How does one tell the abiotic posers from the 
bona fide microbialites? Microscopic investigation can 
provide some relief, but many, if not most, putative 
microbialites in the rock record have been subjected to 
post-depositional alteration that obscures the original 
microfabric, rendering most putative microbialites ul-
timately ambiguous with respect to their biogenicity.  
Most microbialites are composed of carbonate miner-

als, so carbon isotopes are commonly cited as a poten-
tial biosignature.  However, isotope ratios can also be 
ambiguous; microbial phototrophic CO2 fixation drives 
the surrounding carbon δ13C positive, and microbial 
sulfate reduction drives it negative, making this a prob-
lematic biomarker.  Organic matter is rarely preserved 
in such structures, and actual microbial fossils are even 
more rare and usually require special circumstances for 
preservation (e.g., early silicification).  Here, we report 
a new biosignature based on the inherent stickiness of 
microbial biofilms (as compared to abiotic systems), 
coupled with new advances in the ability to measure 
minute concentrations of magnetic minerals: magnetic 
susceptibility as a biosignature. 

It is hypothesized that the distribution of de-
trital magnetic grains within a putative microbialite 
will depend on the presence or absence microbial 
mats/biofilms. Magnetic grains in an abiotic structure 
should obey the laws of gravity/angle of repose (swept 
off peaks, concentrated in lows), while magnetic grains 
adhered to a biofilm will seem to “defy” the laws of 
gravity.  Recent advances in our ability to measure 
miniscule magnetic fields open up the possibility to 
map the magnetic susceptibility of a putative microbi-
alite sample.  

Advantages as a biosignature.  As a 
biosignature, magnetic susceptibility has many advan-
tages that other techniques do not:  1) Magnetic miner-
als reside in the insoluble fraction of carbonate rocks 
and would be less affected by certain post-depositional 
alteration processes than the carbonate itself, organic 
matter, or microbial fossils; 2)  Minute samples can be 
analyzed (as small as 100 micrograms).  Thus, experi-
ments are not sample-limited;  3)  While the orienta-
tion of magnetic grains in a carbonate may be reset 
several times over the course of its lifetime, the mag-
netic susceptibility will remain. 

Methods: In order to asses the merits of this 
new biosignature, abiotic carbonate precipitation ex-
periments were preformed. Glass slides inclined at 
various angles (from 0 to 90 degrees) were submerged 
in a slightly agitated, supersaturated calcium carbonate 
solution.  Crushed magnetite sieved through a 
63micrometer filter was introduced into the fluid while 
CaCO3 was precipitating.  0.1 gram of sample was 
taken from each slide, scraped into a 1cm3 plastic cube, 
and had its magnetic susceptibility measured on a 
KLY-4s Kappabridge.  Empty plastic cubes were also 
measured in order to discern any magnetic properties 
they may have.   
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In addition to this, field samples from Tahi-
tian microbialtes. Integrated Ocean Drilling Program 
(IODP) Expedition 310 drilled 44 boreholes into post-
glacial-max framework rocks of the Tahiti coral reef to 
determine the timing and pattern of coral reef devel-
opment associated with sea level rise at the end of the 
last global glaciation. 632 meters of core were recov-
ered, of which more than 60% were microbialites that 
grew within vugs in the coral reef. The microbialites 
grew inward from all directions, and were well lami-
nated (stromatolitic) at the outer surfaces of the vugs, 
becoming more clotted (thrombolitic) as the vugs were 
occluded.    

Results: Tahitian samples. Paleomagnetic 
samples collected from the microbialites all record an 
accurate and reproducible sense of the geomagnetic 
field at time of deposition, regardless of their position 
in the vug (at the bottom, on the sides, or even at the 
top, hanging down). Even microbialite textures grow-
ing straight down had notable concentration of detrital 
magnetic minerals.  The magnetic grains must have 
been held in place as the grains were coalesced into the 
reef framework as the microbialite grew. It is hypothe-
sized that biofilms must have carried out this task, by 
their inherent stickiness or by trapping and binding 
grains. 

Abiotic Precipitation. Results show a de-
crease in magnetic susceptibility with an increase in 
the angle of the growing surface. Magnetic susceptibil-
ity dropped by an order of magnitude in samples that 
had been inclinded greater than 40 degrees, and fell to 
zero when the growth surface was inclined over 60 
degrees, supporting the hypothesis.  The sample ves-
sels themselves showed to be slightly diamagnetic, 
though over an order of magnitude less than the sam-
ples themselves, indicating that they did not interfere 
with the sample readings.    

Conclusions:  Ultimately, we are optimistic 
that magnetic susceptibility can be added to the biosig-
nature toolkit.  This technique is potentially less prob-
lematic than others because of the resistance of mag-
netic minerals to post-depositional alteration that may 
affect other biosignatures. Preliminary results from 
work done on Tahitian microbialites, as well as abiotic 
carbonate precipitation experiments indicate that this 
hypothesis has merit.  As discussed above, the devel-
opment of unambiguous biosignatures that give us the 
ability to differentiate biotic from abiotic structures is 
crucial to the study of geobiology, in respect to looking 
for life elsewhere in the solar system as well as to the 
study of ancient life on Earth. 
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