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Finding the First Fires with Microscopes
Stephen W. Carmichael1                                                                                         

    Mayo Clinic                                                                                                
stephen.carmichael@mayo.edu

Coal is remnants of plant matter that were compressed and held at 
a high temperature for eons.  However, if plants are charred first, they 
become hard and brittle, and may resist compression.  Under appropriate 
circumstances, anatomic detail can be elegantly retained.  Ian Glasspool, 
Dianne Edwards, and Lindsey Axe have performed detailed studies on 
plant fossils recovered in England, near the Welsh border, that can be 
considered to be evidence for the earliest wildfire yet described on our 
planet.2  They examined a series of mesofossils, about one millimeter in 
size, which required microscopic study.

It is well known that chemical and structural changes occur to organic 
tissues during charring.  This can mean that charcoal is resistant to decay 
and compression and it is also more reflective than non-charred material.  
Glasspool et al. used incident light and scanning electron microscopy to 
reveal 3-dimensional cellular detail of the specimens.  Additional speci-
mens were embedded and polished for reflectance microscopy.  The results 
indicated that the specimens were charcoal.  Experiments showed that re-
flectance can indicate the temperature and duration of the fire that charred 
the specimens.  Subsequently, it was concluded that some of the plants were 
charred at temperatures above 400˚C but the majority of the specimens were 
victims of a smoldering fire of lower temperature and were only partially 
charred.  This is of interest because the oxygen content of the atmosphere 
at that time has been estimated to be about 18%, resulting in less intense 
wildfires compared to what happens today. Glasspool et al. speculated that 
approximately 419 million years ago relatively intense wildfires were initi-
ated by lightning strikes, and spread rapidly as a smoldering fire through 
a desiccated vegetation and litter layer.  Events such as these have had an 

affect on the plants and atmosphere of Earth ever since.
Another important question is when did human beings (or our 

ancestors) first control fires for their own use?  Naama Goren-Inbar, Nira 
Alperson, Mordechai Kislev, Orit Simchoni, Yoel Melamed, Adi Ben-Nun, 
and Ella Werker also used microscopes to provide evidence to answer this 
question.3   They used scanning electron microscopy to identify burned 
and unburned species of wood and grain found at a site in Israel at the 
northern end of the Dead Sea rift. Of the charred botanical specimens 
that were found, six taxa were identified, including three that are edible: 
olive, wild barley and grape.  They were also able to identify burned flint 
microartifacts (under 20 mm in size) that would be expected to be located 
in or near hearths.  This suggested an activity such as cooking, rather than 
a more widely distributed wildfire.

Human-like activity at this site occurred over a 100,000-year period.  
Goren-Inbar et al. estimated that controlled fire was used nearly 790,000 
years ago.  The species occupying the area at the time are assumed to be 
Homo erectus, Homo ergaster, or an archaic Homo sapiens.  Armed with 
this new ability to control fire for purposes such as cooking and providing 
warmth, an early species of humans could now venture to cooler climes, 
allowing the habitation of Europe and Asia.  

Microscopes have provided evidence of important events that have 
profoundly shaped our world! 
 1 The author gratefully acknowledges Mrs. Lindsey Axe and Dr. Naama Goren-

Inbar for reviewing this article.
2  Glasspool, I.J., D. Edwards, and L. Axe, Charcoal in the Silurian as evidence for 

the earliest wildfire, Geology 32:381-383, 2004.  For a more detailed account see 
Edwards, D. and L. Axe, Anatomical evidence in the detection of the earliest 
wildfires, Palaios 19:113-128, 2004.

3  Goren-Inbar, N., N. Alperson, M. Kislev, O. Simchoni, Y. Melamed, A. Ben-Nun, 
and E. Werker, Evidence of hominin control of fire at Gesher Benot Ya’aqov, 
Israel, Science 304:725-727, 2004.
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thinkforward

the leader in
microspectroscopy

Bruker Optics offers the
most advanced FT-IR,
FT-Raman and Dispersive
Raman microspectroscopy
tools to meet all your
demanding microanalysis
requirements. The countless
innovations found on our
microspectrometers, 
epitomize our philosophy of
think forward.

Proprietary ATR
Objective

Crystal-clear sample
viewing
Unmatched infrared
performance
5 pressure settings with
automatic pressure
detection
Anvil ATR crystal design
with 80 micron contact
area
ATR mapping

For more information:
please call 1-888-4BRUKER or visit

www.brukeroptics.com/microscopy

HYPERIONTM Series
The HYPERION™ Series infrared
microscope offers state-of-the-art opti-
cal microscopy capabilities, which
include contrast enhancement with
aperture stops, visible polarization,
darkfield illumination and fluores-
cence illumination. The HYPERION™
Series also offers unmatched infrared
performance, designed to maximize
infrared throughput without sacrificing
diffraction limited performance. This
translates to shorter collection times
with the highest quality data possible.
The HYPERION™ is a fully upgrade-
able microscope platform, from a
basic high performance infrared
microscope with transmission and
reflection capabilities to a dual detec-
tor focal-plane-array and single ele-
ment detector based system.

the leader in
microspectroscopy

Bruker Optics offers the
most advanced FT-IR,
FT-Raman and Dispersive
Raman microspectroscopy
tools to meet all your
demanding microanalysis
requirements. The countless
innovations found on our
microspectrometers, 
epitomize our philosophy of
think forward.

Patented Grazing
Incidence Objective

Crystal-clear sample
viewing
ALL infrared light rays
used at the correct
angles of incidence
2 reflections off sample
Breakthrough sensitivity
in analyzing thin films
and monolayers
Grazing incidence 
analysis of monolayers
to 20x20 microns

Focal Plane Array
Micro/Macro Analysis

Upgradeable from base
HYPERIONTM 1000
Portable FPA can be 
easily moved between
HYPERIONTM microscope
and macrochamber
“Next generation” FPA
detectors utilized
Lower cost

The HYPERIONTM Series Advantage
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COMING EVENTS

 Int'l Soc. for Testing & Failure Analysis (ISTFA)
 November 14-18, 2004, Worcester, MA
 www.edfas.org/istfa
 Eastern Analytical Symposium
 November 15-18, 2004
 www.eas.org
 Materials Research Society
 November 29-December 3, 2004, Boston, MA
 info@mrs.org
 American Society for Cell Biology 2004
 December 4-8, 2004, Washington, DC
 www.ascb.org

2005
  PITTCON 2005
 February 27-March 4, 2005
 www.pittcon.org
 Materials Research Society
 March 28-April 1, 2005, San Francisco, CA
 info@mrs.org
 American Society for Biochemistry & Molecular Biology
 April 2-6, 2005, San Diego, CA
 www.asbmb.org
 Scanning 2005
 April 5-7, 2005, Monterey, CA
 scanning@fams.org
  IUMAS and 9th Microbeam Analysis Workshop
 May 22-26, 2005, Firenze, Italy
 www.emas.ac.uk
 Lehigh Microscopy School
 June 5-17, 2005, Lehigh University, Bethlehem, PA   USA
 www.lehigh.edu/microscopy
 Microscopy and Microanalysis 2005
 July 31- August 4, 2005, Honolulu, HA
 www.msa.microscopy.com
 Society for Neuroscience
 November 12-16, 2005, Washington, DC
 info@sfn.org
 Materials Research Society
 November 28- December 2, 2005, Boston, MA
 info@mrs.org
 American Society for Cell Biology 2004
 December 10-14, 2005, San Francisco, CA
 www.ascb.org

2006
 Microscopy and Microanalysis 2006
 August 6-10, 2006, Chicago, IL 
 www.msa.microscopy.com
2007
 Microscopy and Microanalysis 2007
 August 5-9, 2007, Fort Laurderdale, FL
 www.msa.microscopy.com
2008
 Microscopy and Microanalysis 2008
 August 3-7, 2008, Albuquerque, NM
 www.msa.microscopy.com 
 

Please check the “Calendar of Meetings and Courses” in the MSA journal 
“Microscopy and Microanalysis” for more details and a much larger 

listing of meetings and courses.

Disclaimer: By submitting a manuscript to Microscopy Today, the author 
warrants that the article is original (or that the author has the right to use 
any material copyrighted by others). The use of trade names, trademarks, 
etc., does not imply that these names lack protection by relevant laws and 
regulations. Microscopy Today, the Microscopy Society of America, and 
any other societies stated, cannot be held responsible for  opinions, errors, 
or for any consequences arising from the use of information contained in 
Microscopy Today. The appearance of advertising in Microscopy Today 
does not constitute an endorsement or approval by the Microscopy Society 
of America of the quality or value of the products advertised or any of 
the claims, data, conclusions, recommendations, procedures, results 
or any information found in the advertisements. While the contents 
of this magazine are believed to be accurate at press time, neither the 
Microscopy Society of America, the editors, nor the authors can accept 
legal responsibility for errors or omissions. 
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ULTRA FESEM – 
Imaging Solutions with Dual In-column
Detection System

C a r l  Z e i s s  S M T  –  N a n o  Te c h n o l o g y  S y s t e m s  D i v i s i o n

Enabling the Nano-Age World ®

• Precise and clear compositional 
imaging without charging effects – 
ideal for feature measurements

• High efficiency — high contrast 
In-column direct detection principle 
for BSE and SE

• Enhanced image quality due to 
integrated filtering grid

• Ease of operation — no adjustments 
required

The new ULTRA FESEM for 

simultaneous ultra high 

resolution, compositional BSE 

and topographic SE imaging.

CCaarrll  ZZeeiissss  SSMMTT  IInncc
One Zeiss Drive
Thornwood, New York 10594
USA

Tel. +1 914 / 747 7700
Fax +1 914 / 681 7443
info-usa@smt.zeiss.com
www.smt.zeiss.com/nts

Leo Electron Microscopy is now the Nano Technology Systems division of Carl Zeiss SMT
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