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ABSTRACT 
 

Digital imagery plays a critical role in the documentation and study of fossil specimens. Progressive Photonics is a suite of digital 
imaging techniques that generate images that yield important and novel insights into the preservation and taphonomic history of 
fossils, and facilitate rapid comparative review of those images. The techniques are systematic, reproducible, simple, quick, and 
inexpensive and can be applied successfully in various settings including field sites, laboratories, and museums. We developed, 
applied, and improved these techniques extensively over the last six years to generate investigative and archival images of 
paleontological specimens ranging in size from microscopic to very large, from diverse geologic settings, and with taphonomic 

histories ranging from simple to complex. This imaging strategy uses the visible and invisible portions of the electromagnetic 
spectrum through utilization of readily available digital cameras and lighting coupled with less commonly used, but easily obtained 
broad-spectrum UV lighting. This paper demonstrates a standardized, objective sequence of images that can be adapted for various 
purposes, and that does not rely on subjective image manipulations that commonly are associated with other digital imaging 
practices. Careful review of the resultant imagery reveals subtle differences that would otherwise remain un-noticed, but contribute 
important information to the interpretation of a specimen. The sequential imaging process, and the images themselves, promote 
and enhance scientific investigation and are excellent archival resources for documenting the condition and history of a specimen. 
The efficacy of Progressive Photonics is demonstrated in three important areas: differentiation of specimen from matrix, 
differentiation of soft anatomical tissues, and identification of man-made interventions that reflect important aspects of the 
taphonomic history of specimens. 
 

Keywords: Paleontology; fluorescence; ultraviolet; UV; infrared; IR; laser; spectra; soft-tissue preservation; restoration; 
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RESUMO [in Portuguese] 

 

Imagens digitais desempenham um papel fundamental na documentação e estudo de espécimes fósseis. Progressive Photonics é 
um conjunto de técnicas de imagem digital que gera imagens que revelam importantes e novas perspectivas de preservação e 
história tafonómica de fósseis, e que facilitam a rápida revisão comparativa das mesmas. As técnicas são sistemáticas, 
reproduzíveis, simples, rápidas, e baratas e podem ser aplicadas com sucesso em vários contextos, incluindo jazidas, laboratórios 
e museus. Nós desenvolvemos, aplicámos, e melhorámos estas técnicas extensamente nos últimos seis anos de modo a gerar 
imagens de arquivo e investigação de espécimes paleontológicos, de tamanho microscópico ao muito grande, de diversos contextos 
geológicos, e com históricas tafonómicas simples a complexas. Esta estratégia utiliza as porções visíveis e invisíveis do espectro 
electromagnético através da utilização de câmaras digitais e iluminação facilmente disponíveis emparelhadas com menos comum, 
mas igualmente fácil de obter luz UV. Este artigo demonstra uma sequência objectiva e padronizada de imagens que podem ser 
adaptadas para vários propósitos, e que não dependem de manipulação subjectiva de imagens que comummente estão associadas 
com outras práticas de imagem digital. Revisão cuidada das imagens resultantes revela diferenças subtis que de outra forma 
passariam despercebidas, mas que contribuem com informação importante de um espécime. O processo de imagens sequenciais, 
e as próprias imagens, promovem e melhoram a investigação científica e são excelentes recursos de arquivamento para 
documentar a condição e história de um espécime. A eficácia de Progressive Photonics é demonstrada em três importantes áreas: 
diferenciação do espécime da matriz, diferenciação de tecido anatómico mole, e identificação de intervenção humana que reflectem 
aspectos importantes da história tafonómica dos espécimes. 
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INTRODUCTION 

Photography long ago proved itself an 

indispensable tool for paleontologists seeking to 

study fossil specimens and communicate their 

relevance for interpreting the history of life. The 

emergence of new digital imaging technologies 

(e.g., digital X-ray, X-ray computed tomography 

(CT), synchrotron radiation scanning, 3-D laser 

surface scanning, photogrammetry) and their 

application to the study of fossils stimulated an 

increased emphasis on the use of imagery as a 

tool to communicate scientific information. Each 

digital imaging technique comes with different 

strengths and weaknesses. Unfortunately, new 

technologies can contribute to the relative 

diminution in perceived importance of older or 

more traditional technologies and applications, 

sometimes before their full potential is explored 

and documented. Photography is a good example 

of this phenomenon. 

Progressive Photonics is a suite of systematic, 

reproducible, simple, quick, and inexpensive 

digital imaging techniques using visible and 

invisible portions of the electromagnetic 

spectrum. Progressive Photonics techniques 

coupled with modern photographic and lighting 

equipment generate images that help distinguish 

biologic and geologic data from other data. The 

techniques can reveal subtle details such as soft 

tissues, micro-structures, and preparation 

artifacts that often are invisible to other methods 

of investigation and documentation (e.g., CT 

scanning, 3D surface scanning, 

photogrammetry, digital X-ray). The sequential 

imaging process and resultant images generated 

using Progressive Photonics significantly 

enhance scientific research and archival 

documentation of paleontological specimens. 

The importance, relevance, and ease of acquiring 

scientific images and their metadata (data the 

digital camera automatically saves plus light, 

filters, and other relevant data the camera does 

not save) is generally undervalued, as evidenced 

by their limited presence in paleontological 

literature.  

Our use of the term ‘progressive’ has dual 

meanings. It suggests the methods and protocols 

described here constitute a significant 

improvement (i.e., progress) over status quo 

and inconsistent photographic approaches 

commonly used in paleontological research. More 

importantly, the term also describes the 

calculated and sequential progression of images 

through the electromagnetic spectrum that 

facilitate detailed comparison of the reactions of 

a specimen to those different stimuli. Our use of 

the term ‘forensic’ is intended to describe an 

organized and purposeful investigation of the 

history (natural or man-made) of a specimen. 

Our use of the term ‘forensic’ does not have any 

legal connotation. 

The extraordinary variety of taphonomic settings 

under which fossilization may occur, the 

chemical and structural diversity of sediments 

that entomb fossils, and the biological properties 

of different lineages in the tree of Life render 

impossible any effort to adopt a purely formulaic 

approach to the study of fossils. The techniques 

outlined here are proven to be useful in various 

ways for imaging fossil specimens that are 

preserved under different conditions. They 

accommodate specimens with both simple and 

complicated taphonomic histories, including 

man-made alterations of various kinds. 

Fossil specimens can take days, weeks, or 

months to prepare but a valuable and 

informative sequence of images can be taken in 

15-20 minutes. For under $1200 any lab can 

acquire the basic tools needed to begin using this 

imaging formula (e.g., entry-level UV lamp, ring-

light, camera body and lens, filters). We used 

these imaging techniques at approximately thirty 

institutions around the world and always were 

able to find a suitable space within each 

institution for effective imaging.  

Progressive Photonics facilitates ready 

comparison of images generated by controlled, 

sequential changes in the electromagnetic 

spectrum using direct, oblique, and polarized 

visible light, as well as portions of the non-visible 

light spectrum. The use of non-visible ultraviolet 

(UV) light commonly generates a fluorescing 

reaction in different materials (biologic and man-

made) that often is not observable in visible-light 

imaging or by naked eye. Fluorescing reactions 

can be virtually impossible to describe accurately 

in detail without the use of an image. 

Photography of the fluorescing reaction of fossils 

under UV illumination was documented in the 

1920s (Tischlinger and Ariatta, 2013) although it 

has never been implemented as a standard tool 

for investigating and documenting 

paleontological specimens. UV-spectrum 

wavelengths have long been recognized as the 

‘gold standard’ for generating fluorescent 

reactions primarily because the higher level of 

energy in UV spectrum waves versus visible 

wavelength energy. In visible-light fluorescence 

(e.g., mercury vapor, xenon, halogen, laser, 

LED) distinguishing visible illumination from true 

fluorescent reaction can be difficult and can be 

complicated by techniques that require post-
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processing with editing software that relies on 

subjective interpretation. It is important not to 

confuse the fluorescent reaction of specimens 

exposed to higher intensity visible light with the 

broader and distinctly different reactions 

generated from non-visible UV or IR illumination. 

The imaging methods outlined here reduce the 

potential for misinterpretation of specimen 

images. Our methods do not require post-

production photo editing and, therefore, yield 

greater confidence in the data as well as a 

savings in time. Imaging under the standard 

protocols presented here facilitates both 

documentation of, and communication about, 

specimen reaction(s) so that observations are 

repeatable. Although excellent examples of 

disclosure of methods, filtering, and digital image 

manipulation exist in the paleontological 

literature (e.g., Haug et al., 2009, 2013), these 

are exceptions to a general lack of adequate 

documentation or disclosure.  

The techniques we present here are applicable 

across many scales, from the largest specimens 

at outcrop scale to the microscopic. Depending 

on specimen characteristics or individual 

research questions, the techniques are easily 

adaptable and can be executed with a camera 

mounted on a studio stand, a tripod, a copy-

stand, or through a microscope photo port.  

The techniques also facilitate the interpretation 

of taphonomic histories, a separate area of 

inquiry we designate as Forensic Photonics. We 

recognize the fundamental distinction between 

the methods used to acquire images (Progressive 

Photonics) from the cognitive context under 

which those images are studied and interpreted 

(Forensic Photonics).  

The techniques and equipment used in 

Progressive Photonics are outlined below. We 

also provide a brief overview of safety issues that 

must accompany use of ultraviolet light sources, 

and a range of applications through specimen-

based case studies. 

 

Institutional abbreviations  

 

AMNH: American Museum of Natural History, 

New York, New York. 

FLFO: Florissant Fossil Beds National Monument, 

Florissant, Colorado. 

FOBU: Fossil Butte National Monument, 

Kemmerer, Wyoming. 

LFPSE: Lauer Foundation for Paleontology, 

Science and Education, Wheaton, Illinois. 

PEFO: Petrified Forest National Park, Arizona. 

SMNS: Staatliches Museum für Naturkunde, 

Stuttgart, Germany. 

TMM: Vertebrate Paleontology Laboratory, The 

University of Texas at Austin, Texas. 

TTU: Texas Tech University, Lubbock, Texas. 

UNSM: University of Nebraska State Museum, 

Lincoln, Nebraska. 

USNM: National Museum of Natural History, 

Smithsonian Institution, Washington, D.C. 

UW: University of Wyoming Geological Museum, 

Laramie, Wyoming. 

 

METHODS 

 
Equipment 

 

The equipment used has a strong impact on 

imaging results, but good results can be obtained 

from a variety of equipment choices; high-end 

expensive equipment is not necessary. The 

equipment outlined below is widely available and 

was used to generate the images in this paper. 

We also note other equipment we tested with 

varying degrees of success. Photozone.de and 

DxOmark.com are useful websites for comparing 

details of performance of different cameras and 

lenses. 

 

Camera body 

Modern Digital Single-Lens Reflex (DSLR) and 

mirrorless cameras improved exponentially in 

the last few years and now permit excellent 

imaging with good consistency across a wide 

variety of lighting conditions. Reproducibility 

with digital photography is easily achievable, a 

major benefit for scientific research, and for 

archival documentation. One of the biggest 

advantages digital photography holds over 

traditional film photography (or other digital 

imaging techniques) is that images can be 

immediately evaluated for quality and 

consistency while the specimen is still under the 

camera and, if flawed, the image can be retaken 

easily. 

In our experience, it is best to use a camera with 

interchangeable lens capability and manual-

settings control. Point-and-shoot cameras can 

generate results, but are not optimal because 

they do not allow use of different lenses and they 

incorporate many ‘auto’ or ‘smart’ settings that 
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are convenient for artistic value but take control 

out of the hands of the photographer. Minimizing 

‘auto or smart’ variables leads to greater 

confidence that differences in images are a result 

of deliberate and purposeful manipulations of 

light. 

We conducted extensive comparative tests with 

Sony, Nikon, Olympus, and Canon cameras all 

with varying but reasonable degrees of success. 

Models that consistently yielded good results 

include the Sony NEX series, Sony A7 series, 

Nikon D300, Nikon D800, Nikon D810, Canon 5D 

Mark2 and Canon 5D Mark3. After much testing 

and evaluation we prefer the Sony A7R2 camera 

listed here for our standard imaging based on 

superb low-light performance and better live-

view workflow differences. The Nikon D810 gives 

good results but has been our backup camera 

since summer 2014 mostly because it is less 

efficient in live-view dark-room conditions. Other 

equipment may yield acceptable results but we 

have no experience outside the equipment listed 

here. 

All images generated for this paper were taken 

with a Sony A7R or A7R2 camera (full-frame 

sensor - 35.9mm x 24mm sensor size) mounted 

on a copy stand or tripod, or with a Sony NEX5 

series camera (APS-C sensor - 23.7mm x 

15.6mm sensor size) mounted on a Leica 

#180570 photo port with a Leica MZApo 

microscope. For non-microscope imaging, a 

camera with a full-frame sensor is preferred (but 

not required) because it will generate much more 

detail than the same imaging composition taken 

with a camera that has a smaller sensor. 

Cameras with a full-frame sensor can be used on 

a microscope but an additional optic adapter is 

needed to resize the projected image to fit the 

larger imaging sensor. The benefits of using a 

larger sensor camera on a microscope setup may 

be offset by additional distortion from the extra 

transitional optic element required. In our 

experience, these cameras yielded the best 

results for scientific documentation purposes due 

to imaging sensor sensitivity, ergonomic layout, 

and ease of use in ‘live’ view mode. Both Sony 

cameras we used have built-in Wi-Fi that enables 

the use of some phones, tablets, and computers 

for ‘live-view’ image review and shutter release, 

but they can be clunky with a time lag in viewing, 

and reduced image fidelity. We still prefer HDMI 

tethering to an external monitor for composition 

setup and image quality review. 

 

Lenses 

Prime lenses, those with a fixed focal length, 

generally produce sharper images than zoom 

lenses due to the simpler optic design of the 

former. Using a zoom lens allows greater 

flexibility in framing images but caution must be 

used with zoom lenses to maintain constant 

frame size through the sequence, particularly 

when used in a vertical position (e.g., with a copy 

stand). Gravity can cause zoom lenses to drift 

(move), causing a change in the photographic 

composition and focus. If a zoom lens is used, a 

piece of gaffer’s tape on the zoom adjustment 

ring can help ensure no movement once the 

specimen and camera are set to begin a 

sequence. The Nikon Micro-Nikkor 55 mm 2.8 AI-

s prime lens is our preferred lens because it has 

a practical field of view, minimal distortion, 

produces excellent image sharpness, has 9-inch 

(about 23cm) minimum working distance, and is 

reasonably priced. This lens is manual so the 

photographer is responsible for focusing and 

setting the aperture, improving image 

consistency and results. An adaptor is required 

to mount Nikon F-mount lenses on Sony E-mount 

camera bodies. A Fotodiox Nikon-to-Sony NEX 

Pro mount adaptor was used for the imaging in 

this paper. The best lens option, if funding 

allows, is a Jenoptik CoastalOpt UV-VIS-IR f/4 

60mm Apo Macro specialty lens that produces 

superior results and improves workflow. The 

Jenoptik lens, like the legendary Nikon Nikkor 

105mm f/4.5 UV lens, is made with fluorite and 

quartz optical elements, and has color correction 

when used in the expanded UV through Infrared 

light spectra. Another benefit of these specialty 

lenses is they are pre-calibrated to include the 

expanded UV and IR spectra and do not require 

refocusing when the lighting is shifted to non-

visible spectra. Unfortunately, the price ($5750 

or more) and limited availability of these 

specialty lenses make them an impractical 

option. 

 

Filters 

Filters can have a strong influence on imagery. 

We tested approximately 40 different filters from 

various companies. The best results were 

achieved with filters produced by B+W, Hoya, 

and Midwest Optical Systems. We generally use 

the latter because of better light transmission, 

filtering control, and readily available data on the 

light-transmission properties at different 

wavelengths (data available online at 

midopt.com) that permit better assessment of 

actual optical performance. The Progressive 
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Photonics images in this paper were generated 

using three filters; the Midwest Optical Systems 

Pro 032 linear polarizing filter for polarized light, 

the Midwest Optical Systems UV-block LP415 

filter during UV imaging to prevent UV light from 

reaching and reacting with the sensor, and the 

Midwest Optical LA120 filter in the second 

grouping of UV images to manage the excessive 

violet-blue that often is present with the use of 

ultraviolet lights. The latter is a light-balancing 

(‘filter orange’) filter that balances the 

overwhelming blue-violet hue that results from 

use of UV light and allows better discrimination 

of color gradation. 

 

White/Visible Light Sources 

Visible light is defined as the portion of the 

electromagnetic spectrum visible to the human 

eye and is generally described as the 

wavelengths between 400nm and 700nm. We 

used the UPRtek MK350 light and spectrum 

meter to check the performance of many 

different lights. We chose Fotodiox lights because 

they provide illumination consistency between 

the different models used in this research and 

they were reasonably priced. The Fotodiox Pro 

LED 411A ring light was our primary visible-light 

source and is factory-set for 5600k (technical 

daylight) color temperature output. This lamp 

has a rheostat that allows the user to adjust the 

amount of light with minimal change to the color 

temperature of the light. It runs on AC or Sony-

style lithium-ion NP-750 rechargeable batteries. 

This ring light is practical because it has a 105 

mm opening that enables holding the light 

around a camera lens, generating more evenly 

illuminated subjects with minimal shadow in the 

direct-light images. The ring light comes with a 

removable visible-light diffuser that renders 

uniform lighting without hot spots or individual-

bulb illumination artifacts. We customized a 

second clear diffuser with a Midwest Optical 

Systems PS007 High Contrast Linear Polarizer 

sheet with optional adhesive on one side. The 

polarizer sheet is cut into a donut shape that 

covers 100% of the ring-light surface and is then 

fixed to the outer surface (i.e., toward the object 

being photographed) of the diffuser. Putting the 

polarizer sheet on the diffuser side closest to 

photographic subjects generates the strongest 

polarity. We also tested the new Fotodiox 

Flapjack C-318RLS ring light with good results. 

The Flapjack ring light is scheduled to replace the 

Pro LED 411A ring light once inventory of the old 

style is sold out. The Flapjack ring light emits 

light between 3200k and 5600k with dual 

rheostatic control (temperature and volume) and 

has a built-in diffuser. We used a donut-shaped 

polarizer sheet without adhesive for this ring 

light. The new Fotodiox Flapjack ring light puts 

out a useable, although slightly lower volume of 

light. One last lamp style we tested is the new 

Flapjack LED wand C-308AS Edge Light. This 

wand light gives more linear lighting control than 

the round shape of the ring lights for oblique light 

photography and will be used in our future 

imaging. 

For smaller specimens and closer working 

distances we use a Fotodiox Pro LED 98 rectangle 

lamp. It emits the same 5600k light and also has 

a removable diffuser. We outfit a second diffuser 

with the same Midwest Optical Systems PS007 

High Contrast Linear Polarizing sheet for the 

polarizing images. On the microscope we tried 

several different ring lights with the best results 

coming from a 144 led microscope ring light 

purchased from Amazon. A second piece of the 

Midwest Optical Systems PS007 High Contrast 

Linear Polarizer sheet was cut in a smaller donut 

to cover the ring light, just as with the larger ring 

lights. 

 

Ultraviolet Light Sources 

The ultraviolet light portion of the 

electromagnetic spectrum is generally broken 

down into three wavelength ranges: UVA long-

wave between 315nm - 400nm, UVB mid-wave 

between 280nm - 315nm and UVC between 

180nm - 280nm (Anonymous, 1992; Lucas, 

2015). UVA, UVB, and UVC fluorescence can 

generate distinctly different reactions and are 

not varying degrees of the same reaction. For 

that reason, it is important to identify clearly the 

wavelength of UV excitation being used in 

scientific imaging. We experimented with 

approximately two-dozen UV light sources and 

observed a substantial difference in illumination 

quality, intensity, and wavelength control. The 

wattage output of the light source impacts image 

quality; more wattage generally produces better 

images with finer and more subtle detail than 

lower-wattage lights can yield. Also, a higher 

wattage light source generally requires lower ISO 

and shutter speed settings resulting in lower 

photographic noise in the images. In digital 

photography, electronic noise (roughly the 

equivalent of graininess in film photography) is 

image degradation caused by random electron 

hits that leave artificial color and brightness 

artifacts in the images. Other important issues 
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Figure 1: Imaging cubes and imaging plates used in 
Progressive Photonics. The shadows in the image are the 
result of the lighting from the lower right. 

impacting quality are the accuracy of wavelength 

calibration and whether there are photons 

contributed from visible or unintended UV 

wavelengths. For purposes of reliable 

documentation it is important to know whether 

the reaction we are seeing with our eyes or 

camera sensors is attributable to a specific and 

repeatable excitation formula. Modern UV light 

sources generally are more powerful and produce 

better wavelength control yielding more 

aggressive fluorescent reactions. When 

combined with better sensitivity on newer digital 

cameras, the result is imagery with much higher 

quality and a shorter exposure time. Our best 

results were produced using a Way Too Cool 

UVA, UVB, UVC lamp housing with Hoya filter 

glass and Philips brand 60-watt UV bulbs. This 

light has individual switch controls for each 

wavelength. We also experimented with the less 

expensive 9-watt UVA, UVB, and UVC light 

source from the same company and 

compensated by using higher ISO settings and 

shutter speeds on the camera. A major trade-off 

with lower-power lighting is that specimens can 

be difficult to illuminate evenly because of the 

reduced energy output. The most important 

components of the UV illuminator are quality 

bulbs and quality filter glass, translating to 

increased confidence in more precise light 

emission and filtering formulas. The UV 

fluorescent bulb emissions are rated at the peak 

emission on a bell curve. In the future, LED 

lighting technology has potential to improve UV 

lighting control and consistency, but current 

technology does not yet provide adequate 

intensity, wavelength availability, or reasonable 

pricing. 

The UV images used in this paper result from 

ultraviolet fluorescence (UVF) photography, 

which is visible-light fluorescence resulting from 

excitation under UV illumination and captured on 

standard digital camera sensors. The color 

spectrum captured in the images generated with 

UVF photography is extremely helpful for 

identifying different materials (e.g., bone, soft 

tissue, minerals, man-made materials) as well as 

for confirming that the camera is picking up the 

same spectral response as our eyes. It is also 

possible to capture ultraviolet reflectance (UVR) 

images with a UV-calibrated sensor, but that 

represents as much as a ten-fold increase in 

equipment cost. UVR photography generates 

monochromatic images that are more difficult to 

interpret and do not have the same capacity to 

differentiate materials. On the plus side, 

monochromatic imaging often produces sharper 

detail than color imaging. 

 

Color calibration target 

We selected targets from Image Science 

Associates (ISA) because they are Munsell 

palette color-calibrated and offer the unique 

ColorGauge Pico Target for use under a 

microscope and for small specimens. For 

average-to-large specimens we use the larger 

ISA Rez Checker Target. Use of either target 

enhances both interpretation and replication by 

allowing anyone to calibrate the image viewing 

monitors and accurately reproduce subtle 

differences in color. Use of the target also 

permits ready confirmation that the camera is 

adequately sensing the intended spectrum. All 

images shown here were generated using the 

ISA color-calibration targets with matte finish to 

reduce glare. 

 

UV indicator target 

We use a UVInnovations UV Target (or Target UV 

Card) from ISA in the first shot of a sequence to 

verify visible light illumination and again at the 

beginning of a UV group of shots to confirm UV 

is the illumination type. In visible light the target 

displays gray-scale; under UV illumination, UV-

sensitive paints fluoresce in red, green, and blue. 

The target is calibrated as a UVA color-calibration 

tool but also fluoresces in the mid- and short-
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wave UV spectra with minor shifts in the 

fluorescing reaction. 

 

Indicator cube and imaging plates 

We use several indicator tools (Figure 1) that 

facilitate easy interpretation of images and the 

lighting conditions under which they were 

generated. These tools include flat black labeled 

cards, a 1 cm3 indicator cube made of anodized 

aluminum and a set of small labeled anodized 

aluminum indicator plates that can be placed in 

each shot as documentation cues. Using a cube 

is more efficient and versatile than flat written 

descriptor cards because it has six faces that 

allow six different documentation cues for 

different lighting conditions and via its shadow, a 

rough estimate of lighting direction and angle of 

incidence. Our standard cube has a black finish 

and is physically scaled in 0.5 mm increments on 

each side of the cube. We still use the flat black 

labeled cards for imaging large specimens when 

the cube is too small to read. A second cube with 

a brushed aluminum finish and black lettering is 

sometimes used for long-exposure UV images, in 

which the white lettering on the black cube can 

become over-exposed; The brushed aluminum 

finish generally does not overexpose but can be 

harder to read in shorter shutter speed UV 

images. The cubes will leave minimum shadow in 

the image when the light source is directly 

perpendicular to the specimen. 

The cubes and plates are made of anodized 

aluminum that is laser-etched with scale and 

lettering. Two versions of indicator cubes are 

shown. The upper left cube is a ‘standard’ 1 cm 

cube in black finish. The cube in the upper right 

is the same, but with a brushed-aluminum finish. 

Center image on top row is the pico color target 

for visible-light color calibration. Other images 

are of thin plates; see text for description of most 

of these. The Stack plate (not discussed) is used 

in all images in a stacked-image sequence to 

confirm the first through last shots in an 

associated series; the FL plate (not discussed) is 

a general fluorescence plate used for 

experimentation with various spectra or 

materials that may generate useful reactions. 

The six faces of the cube are labeled to indicate 

the type of light used in a shot or the nature of 

light manipulation. One side of the cube is 

labeled with a ‘Progressive Photonics’ identifier 

to help convey that an initial shot is part of a 

sequence; the other sides are labeled UVA, UVB, 

UVC, UVABC, and P. Placing the cube in the 

photograph facilitates easy reference to the light 

wavelength used to generate the image (A, B, C, 

or all combined) or to document that polarized 

light was used to capture the image (P). 

In the case of smaller specimens when the cube 

will not fit or is too tall for scale perspective, 

small, thin, aluminum plates (or the equivalent) 

can replace the cube or supplement it (Figure 1). 

The aluminum plates are convenient because 

they do not add unwanted fluorescing reaction in 

the image like some papers or inks can, 

especially as a result of long exposure times. The 

1 cm plates are labeled Progressive Photonics, A, 

B, C, or ABC (to indicate UV wavelength), P 

(polarized), or FO (filter orange). If only a corner 

of the plate will fit into the frame of the picture 

(e.g., microscope work), tiny lettering in the 

corner of each plate indicates the same 

information. The Progressive Photonics plate has 

an upward-pointing arrow in the upper left corner 

and downward-pointing arrow in the upper right 

corner to allow the direction of the light source 

to be clearly indicated in the image when the 

indicator cube does not fit in the framed shot. 

The markings described above are used in the 

standard progression of images discussed here; 

other plates can be used for other techniques or 

portions of the spectrum (e.g., IR for infrared, S 

or stack for stacked imaging, FL for visible 

fluorescence, F for other filter). The cube and 

imaging plates used herein were custom-made 

for this project. Many versions of the cubes and 

plates were prototyped and tested. The small 

plates in Figure 1 are the most current versions 

that also indicate the numerical wavelengths 

corresponding to the UV light bulbs used in this 

paper. 

 

External monitor 

A camera viewfinder and LCD back are too small 

to confirm focus efficiently and often are at 

awkward angles that prevent practical use. An 

external monitor is a major improvement over 

the viewfinder or rear display on the camera for 

focusing compositions and for reviewing image 

quality. The external monitor allows the 

photographer to zoom in easily and review 

completed images for sharpness and quality 

while seeing the bigger picture of the 

composition. The external monitor lets the 

photographer see in real time exactly what the 

camera is seeing and that is the only angle that 

matters for composition and for image 

evaluation. We currently use a 24-inch Dell 

2414Q 4K monitor but plan to replace it with a 

larger monitor (30”+). Bigger is not necessarily 
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better but it is helpful in this application. A 

regular HD monitor also can be used with good 

results as long as it has HDMI connection 

capabilities needed for ‘real time’ viewing. The 

camera is tethered to the monitor with an HDMI 

cable and is set to live-mode which projects in 

‘real time’ the image the camera sensor is 

seeing. 

For UV imaging we want to capture images of a 

specimen under UV illumination only. Unwanted 

light is emitted from the screen of the monitor so 

it should be covered with a black cloth during 

shutter release. Even when the monitor is turned 

away from the specimen it can emit enough light 

in the room to ‘bounce’ and affect the image 

during the longer-exposure shots. When the 

monitor and specimen are on the same surface, 

manipulation or swiveling of the monitor during 

the shot sequence has the potential to cause 

vibrations that can blur the image or alter the 

position of the specimen during the shot 

sequence. Ideally, the monitor is set on a 

different surface from the specimen; that 

eliminates vibration transferred to the specimen 

surface and will help eliminate blur in the images. 

 

Imaging protocols 

 

Staging the image composition 

To achieve best results images should be 

captured in a dark space, ideally with no ambient 

light. A windowless interior room, basement, or 

darkened storeroom usually works well. In the 

approximately thirty institutions in which we 

used the Progressive Photonics sequence, we 

always found a suitable imaging space and 

generated consistently high-quality images. A 

temporary dark drape over lighted exit signage 

and in front of door gaps that leak light will 

improve darkroom conditions. The workspace 

should be arranged to minimize reflectivity. 

Incidental light as well as photography lighting, 

can bounce and react with the ceiling, floor, 

walls, doors, shelves, photographer’s clothing, 

and other surfaces which can have a negative 

impact on the resultant imagery. For this reason, 

shooting in the middle of a room is better than 

shooting against a wall. Black drapes on objects 

or surfaces surrounding the specimen can help 

minimize reflection and unintended fluorescent 

reaction from objects within the reflecting reach 

of the light. Better results will be obtained if the 

photographer wears dark clothes or a black, non-

reactive apron because light-colored clothing can 

react with the light and add unintended reaction 

to the images. All light should be under direct 

and specific control of the photographer so that 

differences in successive images can be 

interpreted as results of specific light 

manipulations. The shot sequence outlined below 

can be followed for large specimens (slab or 

three-dimensional) with a studio stand or tripod, 

intermediate-sized specimens with a copy stand 

or tripod, or small specimens thorough a 

microscope. Stability of the camera is imperative 

for longer exposure times. For studio stands or 

tripods, bigger is generally better for both 

isolating vibration and for balancing the camera 

when shots require a boom-arm. When using a 

copy stand, it is important to remember that 

stability of the table is as important as the 

stability of the stand itself. Imaging in the Z-axis 

with a studio stand or copy stand is most 

convenient because the camera remains in a 

constant vertical plane with the specimen 

allowing better control over lighting and focus, as 

well as faster transitions composing images with 

different-sized specimens. When a studio stand 

or copy stand are not available or practical, a 

tripod can be used with a boom arm and 

adjustable camera-mount to position the camera 

at the desired orientation to the specimen. 

 

Camera settings 

Set the camera to take images as Raw file types 

to record the full sensor data of the camera with 

minimal in-camera processing. RAW images are 

intended to capture as closely as possible all the 

physical information about the light and color 

characteristics of a scene being photographed. 

RAW images preserve the maximum range of 

color and light-intensity values the sensor is 

capable of recording. RAW files generally use 

lossless data compression to minimize the file 

size, however they are considerably larger than 

even the highest quality JPEG files of the same 

scene. RAW files assign values to each pixel 

versus more commonly used image file formats 

such as JPEG, that use tonal averaging 

techniques to save space and result in discarded 

image information during in-camera processing. 

RAW files are generally 12 bits or 14 bits versus 

8 bits for JPEG files. 8-bit images have only 256 

tonal steps for each of the three RGB channels. 

12-bit images record 4,095 steps per channel. 

RAW file types are the best option for capturing 

and retaining the maximum image data but need 

to be converted to a viewable file format in order 

to be usable. We convert our RAW image files to 

Digital Negative (DNG) file types to preserve 
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maximum data from each image and to allow the 

broadest compatibility across image-storage and 

viewing platforms.  

The camera is always set to aperture-priority 

manual mode; this allows the camera to vary the 

exposure time in order to obtain an 

approximately consistent exposure between 

images. Consistent light levels facilitate better 

direct comparison of images. It is possible to use 

an auto-ISO setting strategy as an alternative to 

the aperture-priority strategy, but after much 

discussion with camera engineers as well as 

scientific advisers, it is felt that aperture-priority 

mode will lead to a greater consistency in 

imaging results. 

The camera white balance is set to match the 

color temperature of the photography lights, in 

our case 5600k. The camera must not be set on 

auto-white balance because the camera will 

change image settings and results based on what 

it senses for each shot. Even the area around the 

specimen or backdrop will influence what the 

camera will record. Leaving the white-balance 

setting at its original setting (in our case 5600k) 

during the UV imaging will lead to better 

continuity of the images in a sequence even 

though the UV illumination is not in the visible 

spectrum. Again, the goal for the UV portion of 

the Progressive Photonics series is to capture 

visible-light reaction to non-visible UV 

illumination and excitation.  

The f-stop or relative aperture is the ratio of the 

focal length of a camera lens to the diameter of 

its entrance pupil. This setting influences the 

amount of light allowed to hit the sensor, which 

also impacts the depth of field in focus (the 

higher the f-stop, the lower the amount of light 

entering the camera and greater the depth of 

field in focus). It is not practical to set the camera 

automatically to a high f-stop thinking better 

depth of field in focus will result. The high f-stop 

setting results in a drastically lower volume of 

light allowed into the camera that may translate 

to impractically long shutter speeds and image 

degradation. The goal is to achieve the sharpest 

images possible from the lowest desired focal 

point to the highest desired focal point of the 

photographic composition. Most modern lenses 

are sharpest around an aperture setting of f/5.6 

or f/8. A test image at f/8 is a good starting point. 

Often, the depth of an object in relation to the 

camera or viewing point is described as the z-

axis dimension. Picking a focal point 

approximately 2/3 of the way up from the lowest 

desired focal point to the highest desired focal 

point on the Z-axis is a good rule-of-thumb for 

photographing specimens. This will result in the 

photographic subject likely being in better focus 

both above and below the chosen 2/3 focal point. 

Once an appropriate f-stop for a specimen is 

selected, it should be retained for all images in 

the sequence.  

The shutter release setting on the camera should 

be set for delayed timer release or remote 

shutter release if a remote is being used. Using 

these settings will reduce vibration of the 

camera, improving image quality. A wireless 

remote is better than a cabled shutter release for 

darkroom purposes because it has no cable that 

may accidentally be tugged during imaging. This 

can be especially important during longer 

exposures that often are required for oblique and 

UV images.  

For all visible-light images in the sequence, the 

cameras we used were set at ISO 100 (A7R & 

A7R2) or ISO 200 (NEX5) for maximum image 

quality. Using the lowest practical ISO setting 

provides better image quality with the lowest 

noise and highest dynamic range.  

For UV imaging, there is no uniform protocol for 

ISO settings. We evaluate the quality of the first 

image taken under UV and make adjustments to 

the ISO accordingly. For light-colored or highly 

reactive compositions we start with an ISO 

around 250; dark or less reactive compositions 

might require ISO 1600 or more. After reviewing 

a test shot, if it is decided to raise the ISO, start 

the image group over to maintain camera 

settings continuity throughout the grouping of 

shots. For UV or IR fluorescence, there is no way 

to know in advance how long it will take for the 

camera to capture adequate light for the images. 

The goal for image optimization is to balance the 

need to capture enough light to yield consistent 

illumination at the lowest practical ISO setting. A 

dark object will generally require longer 

exposure time and/or a higher ISO. A lighter 

object will generally require shorter exposure 

time and/or lower ISO. Most digital cameras 

have a maximum limit on shutter speed of 30 

seconds without the use of other specialized 

shutter release devices such as an 

intervalometer. For UV imaging, setting the 

camera ISO at a number that produces a shutter 

speed of 10 seconds or less is preferred; this 

reduces the time required to capture the image 

and the time the photographer and specimen are 

exposed to the UV illumination. Once the ISO 

setting is chosen it should remain the same for 

all the UV images in that grouping. There will be 

a difference in the shutter speeds between the 

shots in both of the UV groupings. When the 
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LA120 Light Balancing filter is added for the 

second UV grouping, the ISO setting needs to be 

raised approximately two stops to compensate 

for the loss of light from use of the filter (e.g., 

ISO 250 under normal UV would mean increasing 

the ISO setting to 400 during UV with light-

balancing filter). 

 

Specimen set-up 

The specimen should be arranged securely on a 

black, non-reactive non-reflective material that 

is as dust-free as possible. The black background 

allows the specimen to be highlighted while 

minimizing secondary effects of reflected light 

that can affect the light metering of the camera. 

Black felt, black broadcloth and some black 

fleeces available at most fabric stores work well. 

A test image of fabric samples can be taken 

under visible and UV illumination to determine 

which material is most neutral and non-reactive. 

A lint roller or canned air are useful for removing 

dust from the black fabric before imaging to 

eliminate particles that will show up under UV 

illumination. 

 

Imaging sequence 

We generate a standard sequence of 17 images 

per specimen composition for which both the 

camera and the specimen remain immobile; only 

the light source, orientation, angle of incidence, 

and analog filtering of light are changed from one 

image to the next in the sequence. The images 

are organized into five groups, each of which 

involves two or more images taken under similar 

conditions. Our standard sequence includes 

images generated under lighting conditions that 

have been, independently or in various 

combinations, previously utilized in 

paleontological work. These include oblique 

lighting (e.g., Kerp and Bomfleur, 2011), 

polarized lighting (e.g., Schaarschmidt, 1973; 

Bengston, 2000; Kerp and Bomfleur, 2011), and 

UV lighting (see brief review by Tischlinger and 

Arratia, 2013). We make no claim to originality 

in the use of these techniques, but Progressive 

Photonics is unique in systematically structuring 

these in a standardized and organized sequence 

that facilitates a rapid and convenient 

comparison of reactions of a specimen to the 

various conditions. A broad range of potential 

reactions is possible, as we illustrate in our 

figures, but it is impossible to predict reliably the 

outcomes from any orientation or spectrum 

manipulation for any given specimen. Some 

localities yield specimens from sediments that 

tend to react in similar ways to certain 

techniques, but the specimens themselves can 

be, and frequently are, characterized by unique 

reactions. 

 

First group – Direct visible light 

Image 1. This is the visible light set-up image, 

in which the specimen (or relevant portion of the 

specimen) is framed including a linear scaling 

device, color-calibration target, UV indicator 

target (will show gray-scale in visible light), 

indicator cube (set to show ‘Progressive 

Photonics’ side facing camera), and a specimen 

label indicating key data such as taxonomic 

identification, locality, institutional repository, 

and specimen number. Image 1 is taken with the 

ring-light held around the camera lens 

illuminating the specimen in direct light with 

minimal directional shadows. Immediately 

evaluating the first image for quality (focus, 

depth of field, even and adequate illumination) is 

important because all images to follow in this 

group will use the same camera settings, and 

flaws will carry forward through the rest of the 

sequence. If an adjustment is needed, reshoot 

the set-up image and re-evaluate. After a 

satisfactory set-up image is taken, it is essential 

that the specimen and the camera do not move 

for the rest of the full imaging sequence. That 

ensures that all images in the sequence easily 

can be compared later in image-management 

programs that allow rapid sequential viewing, 

and facilitate recognition of subtle image 

differences that result from manipulations of 

light. 

Image 2. Without disturbing the specimen, 

remove the specimen label, color calibration 

tools and linear scaling ruler. The specimen is 

now framed with only the indicator cube, and 

Image 2 is taken with the ring light held around 

the camera lens as in shot 1. The cube stays in 

the image to serve as a scaling device and 

confirm direct illumination. Minimal shadows 

should be visible. This image yields an 

undistracted image of the general or overall 

appearance of the specimen in direct visible light. 

 

Second group – Oblique light 

Images 3, 4, 5, and 6. These images involve 

alteration of the direction and angle of incidence 

of light. The practice of illuminating the specimen 

from the upper left is a traditional standard that 

provides consistency but can be ineffective for 
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highlighting important structures of specimens. 

The indicator cube remains unmoved in the 

composition for all shots in this group. Oblique 

lighting from different directions changes the 

shadows and highlights different characteristics 

of the specimen. Our standard sequence has 

oblique light from the ‘east’ (right; image 3), 

‘south’ (bottom; image 4), ‘west’ (left; image 5) 

and ‘north’ (top; image 6). The ‘north’ image is 

often taken last so the photographer reaches 

over the specimen only at the end of the group 

of shots. Achieving exact orientation at 90, 180, 

270, and 360 degrees cannot always be 

achieved, so these directions are interpreted 

somewhat loosely. In fact, orientation could be 

from ‘northwest,’ ‘northeast,’ ‘southeast,’ and 

‘southwest’ as desired; the key is to image from 

four directions. The shadows from the indicator 

cube help with interpreting light orientation.  

There is no magic number for angle of incidence. 

Often, an angle of approximately 30 degrees 

from the horizontal plane of the specimen is 

enough to show useful highlighting without 

casting obscuring shadows. Use of the external 

monitor and camera in live mode makes 

selecting the angle of incidence easier because 

the only relevant angle is between the specimen 

and the camera, not the photographer’s eye. The 

key is to use the best angle to highlight the 

structures or features of interest; the ‘proper’ 

angle of light is the one that yields the best 

results in terms of visualization. 

 

Third Group – Polarized light 

Images 7 and 8. These images are taken in 

linear polarized light, both at minimum effect and 

maximum. Carefully thread the polarizing filter 

on the lens so the camera does not move. Using 

the polarizing filters on both the camera lens and 

on the light source creates the capacity for cross-

polarization. With the ring light and its polarizer 

around the camera lens, the ring light is rotated 

while the photographer looks at the monitor in 

live-mode until the maximum glare reflecting off 

the specimen is observed on the monitor. Image 

7 is then taken with polarization fully 

disengaged, meaning maximum glare is reflected 

off the specimen. For that shot we rotate the 

indicator cube so the ‘P’ side is facing the camera 

but place it so the letter ‘P’ is upside down in the 

composition. This documents the use of polarized 

light in the disengaged mode. Next, with the ring 

light and its polarizer around the camera lens, 

manually rotate the ring light while looking at the 

monitor in live-mode until minimum glare is 

reached. This should require a rotation of the ring 

light about 90 degrees from Image 7. Image 8 is 

then taken with the imaging cube rotated 180 

degrees so the ‘P’ is right-side up, documenting 

that polarization is fully engaged and showing 

minimum glare or reflectivity. Care should be 

taken not to bump the camera. The goal of these 

images is to capture the peak lighting reaction.  

 

Fourth group – UV light without balancing 

filter 

Images 9, 10, 11, 12, and 13. The polarizing 

filter is removed and replaced with the UV filter. 

Dust particles commonly fluoresce, causing 

distraction in the images but can be removed by 

gently blowing air across the specimen before 

the images are taken. Remember there may not 

be enough fluorescing reaction of the specimen 

to observe by naked eye. The camera should 

remain set in aperture-priority mode so the 

camera calculates the time needed to capture 

enough light for the shot. The ISO setting on the 

camera must be changed without moving the 

camera to accommodate the lower visible-light 

emission (see above) of the UV lamps. When 

photographing with a UV light source we try to 

hold the light as close as possible to 

perpendicular over the specimen. This minimizes 

shadowing and illuminates the specimen more 

evenly. It is important to double-check proper 

focus because the change to UV spectrum 

illumination will likely shift the camera focus 

slightly from the visible-light spectrum. With the 

camera in live mode the monitor is used to 

confirm that the camera remains set to the same 

focal point that was used in image 1. Image 9 is 

the UV set-up image; the UV indicator target 

(same as used in Image 1) is placed in the field 

of view; this target in UV light reacts in the visible 

color spectrum (not gray-scale) and confirms 

that UV light is the source of illumination and 

excitation. The indicator cube is placed in the 

frame with the ‘UVA’ side facing the camera. The 

image is then taken with the UV lamp set to UVA. 

After Image 9 the UV indicator target is removed 

to prevent added reflection in subsequent images 

(Figure 2). This may increase exposure times in 

subsequent images in this group because the 

additional emitted ‘glow’ from the UV indicator 

target is removed and it will take longer for the 

camera to gather sufficient light for proper 

imaging. Image 10 is taken with UVA, Image 11 

with UVB, image 12 with UVC, and image 13 with 

UVABC combined. The indicator cube is changed 

for each image to show (sequentially) ‘UVA’, 

‘UVB’, ‘UVC’, and ‘UVABC’. 
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The combined UVABC increases the chance of 

getting a reaction from specimens that do not 

yield strong reaction to any one of the UV 

wavelengths in isolation. When using UVABC it is 

not possible to identify which portion(s) of the 

spectrum is causing observed fluorescence. 

 

Fifth group – UV light with balancing filter 

Images 14, 15, 16, and 17. The UV filter is 

replaced with the light-balancing filter. The FO 

(filter orange) indicator plate is placed into the 

field of view next to the indicator cube. Images 

14–17 are UVA through UVABC images with the 

light-balancing filter placed on the camera 

(Figure 3). The indicator cube is changed for 

each image to show (sequentially) ‘UVA’, ‘UVB’, 

‘UVC’, and ‘UVABC’. 

Additional images 

Our standard sequence of 17 images can easily 

be supplemented with additional images. For 

example, we also have worked extensively with 

imaging that captures visible light fluorescence, 

oblique UV fluorescence, UVR reflectance, 

infrared fluorescence, photogrammetry, Z-axis 

image stacking, and stereo pair imaging. The 

Progressive Photonics sequence can be 

supplemented by any of these other lighting 

techniques as well as new techniques developed 

in the future. For consistency, it is probably best 

to add other experimental images after the 

standard series is completed to minimize risk of 

accidental specimen movement. If other images 

are added, a descriptive cue should be included 

in the image to clearly identify the lighting or 

manipulation conditions.  

 

 

 

Figure 2: Repaired aetosaur osteoderm (TTU-P09420) from Triassic sediments near Post, Texas. In the upper right corner of the 
image, the imaging cube indicates the image was taken in UVC wavelength, and the FO imaging plate indicates the image was 
made with a light-balancing filter in place. The imaging plate between those two is a test plate with corners marked with neon 
markers that fluoresce under UV radiation. The large UV target beneath the specimen is the UV indicator target. Note that glow 
from the target is illuminating the specimen with red and green light; this represents secondary light contamination that is 
undesirable for scientific imaging. For this reason, the UV indicator target is only used in shots 1 and 9 in our progressive sequence 
to visually confirm the type of light being used. This image illustrates the potential for light contamination resulting from reflection 
off the indicator target or other highly reactive objects near the specimen. 
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Figure 3: Part and counterpart of an undescribed bird from Florissant Fossil Beds National Monument (FLFO 9661). A) Image under 
UVA spectrum, without light-balancing filter. B) The same specimen with light-balancing filter in place. Subtle differences in reaction 
along the specimen are more readily visible with the filter in place. 
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If desired, after the standard sequence is 

executed and while the specimen is still under 

the camera, aesthetic images for public outreach 

or other purposes can be taken by removing all 

indicator tools and selecting desired lighting 

combinations. 

 

Health and safety: Cautionary notes 

Activities in dark conditions and all high-power 

fluorescence techniques necessitate careful 

consideration of safety issues for the 

investigators, specimens, and equipment being 

used. We review basic issues here, but 

encourage those not familiar with the hazards of 

UV light to read more thoroughly on the subject 

before beginning. Good resources include the 

Case Western Reserve University Ultra Violet 

Radiation Safety guidelines 

(www.case.edu/ehs/Training/UV/Uvsafety.pdf) 

and the safety procedures outlined by Cazzuli 

and Giroletti (2004).  

Operators should have a working knowledge and 

understanding of the equipment they are using. 

Older equipment, the kind most likely to be found 

in the storage closet of a museum or lab, comes 

with serious safety concerns because it may no 

longer be properly labeled (e.g, short vs. long 

wavelength) or may be in poor condition. Modern 

equipment provides greater confidence in 

equipment condition and calibration, providing a 

more accurate record of conditions under which 

images were generated. Familiarity with 

equipment is essential for safe working 

conditions.  

Personal safety primarily involves wearing proper 

clothing and personal protective equipment while 

working with UV lights. Using properly fitting 

safety glasses or goggles with UV protective 

lenses is mandatory. This means full coverage 

above, below, and on both sides of the user’s 

eyes. Wearing a long-sleeved shirt, long 

trousers, and gloves will help protect skin. Before 

starting imaging sessions, all exposed skin can 

be treated with sun-block lotion. When using UV 

lights, the photographer and any observers 

should be careful and deliberate in keeping the 

UV light directed away from exposed skin at all 

times during use.  

Dark shooting conditions necessitate a clean and 

uncluttered workspace that is organized logically 

to facilitate safe work. Investigators should have 

a working visible light within reach at all times 

such as a small LED flashlight on a leash around 

the photographer’s neck. 

Few quantified studies have been conducted on 

the impact of UV radiation on fossil specimens, 

or on the adhesives, preservatives, consolidants 

and other materials often used with fossils 

(Linares Soriano and Carrascosa Moliner, 2016). 

In the absence of such data, we seek always to 

minimize exposure to UV wavelengths in order to 

protect specimens, equipment, and users. 

 

RESULTS 

 
The efficacy of Progressive Photonics is 

demonstrated via a series of specimen-based 

case studies. We selected specimens that allow 

us to demonstrate general or specific results 

obtainable from the methods outlined above. Our 

examples are drawn from various images in the 

standard sequence and are not exclusively 

dependent on UV excitation. After documenting 

differential excitation under multiple UV 

wavelengths, we focus our results and discussion 

on three broad applications. The first addresses 

improved visualizations of specimens including 

details that are difficult to distinguish in color or 

texture from surrounding matrix. The second 

addresses identification and differentiation of 

soft anatomical tissues and other biologic 

materials that are difficult or impossible to 

distinguish in visible light. The third is centered 

on differentiating between biologic or geologic 

data and man-made interventions or artifacts 

that reflect aspects of the history of a specimen. 

 

UV wavelengths and variable excitation 

 

The UV wavelengths we use yield different 

imaging results, and each of those wavelengths 

as well as all three in combination, help yield 

insights into the nature or history of a given 

specimen. Calcite is a mineral frequently found 

in fossils and it commonly fluoresces under UV 

light stimulation. This makes it useful to 

demonstrate distinctly different reactions under 

different wavelengths (Figure 4). Figure 4A 

shows the specimen in visible light; Figures 4B, 

4C, 4D and 4E illustrate the same specimen 

under UVA, UVB, UVC and UVABC excitation, 

respectively. Note that the different UV 

wavelengths do not generate different intensities 

of the same reaction. Each wavelength brings out 

different reactions; the UVABC combined 

excitation cannot be predicted by observing 

excitation under the different UV wavelengths in 

isolation. UVABC has not yet been demonstrated 

http://www.case.edu/ehs/Training/UV/Uvsafety.pdf
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to be uniquely useful for imaging fossils. It may 

not be worth retaining in a standard shot 

sequence, but it is clear that it does yield a 

different image. We used images generated 

under combined UVABC in several of our figures 

because they yielded (in our subjective opinion) 

the best quality image for depicting what we 

were trying to show. In no case were resultant 

images unique in the sense that they revealed 

something not otherwise readily visible under 

UVA, UVB, or UVC in isolation. Our standard 17-

shot sequence is illustrated by a fossil 

cephalopod (USNM 430974; Figure 5). The 

differences in imagery derived from various 

directions and angles of incident light are readily 

seen in the early images (Figure 5A–5L), as are 

the differences resulting from polarized light, 

various UV wavelengths, and filtered light.

 

Figure 4: Calcite from the Challenger Cave in Mexico (TMM 10000-2). Images are in A) visible light, yielding off-white color; B) 
UVA 368 nm wavelength, yielding a fuchsia color; C) UVB 315 nm wavelength yielding a pastel yellow color; D) UVC 254 nm 
wavelength, yielding a mid-range blue color; E) Combined UVABC radiation yielding a washed-out blue-grey-violet color. The latter 
reaction cannot be attributed in whole or in part to any particular wavelength, but it is clear that the three wavelengths in 
combination generate unique visualizations. In our experience, there is no good example of combined UVABC yielding a novel 
insight on a fossil specimen, but the mineral example shown here demonstrates the possibility. The imaging cube is rotated in 
each image to document wavelength. Beneath the cube is a card confirming that the camera is imaging full color range in each 
image, despite differential reaction of the specimen; the card behaves in nearly the same way under each wavelength, 
demonstrating that the difference in each image is a result of differential fluorescence of the specimen. Lower imaging plate is a 
pico color calibration target, with full spectrum color return only in visible light. 
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Note that in the UVA images (e.g., Figure 5J, 5N) 

soft tissue preservation on the specimen shows 

with clear distinction as a whitish-yellow pattern, 

contrasting with the blue hues across the 

majority of the specimen. A distinct buff mark 

just above the specimen (Figure 5J, arrow) is 

readily  visible.  In  UVB  (Figure  5K,  5O) 

the specimen is a nearly uniform yellowish 

color;  exceptions  are  the  ink  sac  and 

mouth; soft tissues imaged in UVA are largely 

 
 

Figure 5: The full 17-shot Progressive Photonics sequence exemplified by Acanthoteuthis speciosa. Acanthoteuthis speciosa is a 
fossil belemnite cephalopod from the Jurassic of Solnhofen, Germany (USNM 430974). We used this specimen to exemplify the full 
sequence of shots used in Progressive Photonics. A) Image 1: Visible light with scale, specimen label, color-calibration target, UV 

indicator target, indicator plate, and indicator cube. B) Image 2: visible light as in image 1, but only the indicator cube is in the 
shot. C) Visible light, with light coming from ‘north’ (top) of image (note shadow cast by indicator cube). D) Visible light, with light 
coming from ‘east’ (right). E) Visible light, with light coming from ‘south’ (bottom). F) Visible light, with light coming from ‘west’ 
(left). 



 ●  Journal of Paleontological Techniques  

 
 

                                                      

Eklund et al. 2018: PROGRESSIVE PHOTONICS 

 

17 
 
 

 
 

Figure 5 (continued): G) Visible polarized light image with polarization fully disengaged (= maximum glare; upside-down P shown 
on the indicator cube). H) Visible polarized light image with polarization fully engaged (= minimum glare, P right-side-up on 
indicator cube). I) UV set-up image; UV target is placed to confirm the light source is UV (compare with same target in (A) that 
showed only gray-scale return in visible spectrum). J) UVA image (note indicator cube). K) UVB image (note indicator cube). L) 
UVC image (note indicator cube).

indistinguishable, and the buff mark appears as 

a muted dark blue and does not stand out as 

clearly. Other differences include variation in the 

imagery of the various fractures. 

 

Imaging applications 

Application 1. Differentiation of specimen 

and matrix 

Progressive Photonics yields improved 

visualizations of specimens that are, in visible 

light, difficult to distinguish in color or texture 

from surrounding matrix (Figure 6). This is 
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Figure 5 (continued): M) UVABC image (note indicator cube). N) UVA image with light-balancing filter in place; the FO indicator 
plate is placed in field of view, near the indicator cube (with a darker return in this image). O) UVB image with light-balancing filter 
in place and FO indicator plate in field of view. P) UVC image with light-balancing filter in place and FO indicator plate in field of 
view. Q) UVABC image with light-balancing filter in place and FO indicator plate in field of view. 

exemplified best by specimens that include small 

fragments of bone or other tissues not readily 

visible to the naked eye (e.g., fragments of a 

crushed skull, tiny skeletal elements, displaced 

elements). Digital imagery under different 

portions of the electromagnetic spectrum can 

yield striking differentiation between bone and 

matrix, and allow the ready identification of 

smaller fragments (for another example see 

Delpueyo et al., 2016). This is obviously an 

important aid during preparation of a specimen. 

The turtle we illustrate in Figure 6 demonstrates 

the greater ease with which anatomical features 

can be discerned under (in this case) UVA 

illumination. 
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Figure 6: Chrysemys sp. from Ashfall Fossil Beds, Nebraska (UNSM 117827). The specimen is imaged in A) direct, overhead, visible 
light and B) UVA with color-balancing filter in place. It is substantially easier to see details of the skeleton (e.g., tail vertebrae, 
humerus, scute sulci) in the filtered UVA image. It is also interesting to note how the specimen label behaves in the UV image. 
The color chip at the far right of the UVA image shows color dots that help confirm the camera is sampling in full spectrum during 
UV imaging. 
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Application 2. Identification and 

differentiation of soft anatomical tissues 

and microstructures 

Progressive Photonics allows ready identification 

of the presence of some soft tissues and other 

features that are difficult or impossible to see in 

visible light. These can include feathers, 

cartilage, skin, scales, membranes, tooth wear, 

fine linear structures, evidence of predation, and 

awkward fits on reassembled components of 

previously fractured materials (enhanced by 

oblique lighting). Often the biomass or structure 

of an associated soft tissue is so small it is 

unlikely that it would be detected with visible 

light, X-ray, CT, or surface-scanning techniques. 

We illustrate examples of this in Figures 7-10. 

The flexibility and scalability of Progressive 

Photonics also is demonstrated by these images; 

images in Figure 7 were generated through a 

microscope, and those of Figure 8 are of a large 

specimen suitable for mounting on a wall. 

The rhynchocephalian reptile illustrated in Figure 

7 shows discoloration within the body cavity in 

visible light, which indicates the possible 

presence of internal tissue preservation. That 

discoloration is, interestingly, lost in all 

subsequent images. It is, however, only under 

UV illumination that scales are readily apparent. 

A Jurassic ichthyosaur specimen from the 

Posidonia Shale (Figure 8) with soft-body 

preservation in visible light exemplifies the 

extraordinary preservation for which some of 

these specimens are famous. When imaged 

under UV wavelengths, a greater amount of soft-

body preservation becomes visible, and it 

becomes easier to define the limits of soft 

tissues, as well as fracture lines and other 

aspects of the preparation history of the 

specimen. 

 

 

Figure 7: Central portion of the body of an undescribed fossil rhynchocephalian reptile (LFPSE 331). The specimen was imaged in 
A) direct (overhead) 5600k visible polarized light, B) oblique visible light from the left, C) unfiltered UVA, and D) UVA illumination 
with the LA 120 light-balancing filter. Distinct discoloration and contrast inside the body cavity is clearly visible in (A). The cause 
is unknown, but may reflect internal organs or digestive tract; the discoloration is lost in the other images. Under oblique lighting 
(B) skeletal materials stand out in stark contrast to surrounding matrix. It is only under UV illumination that the presence of scales 
is obvious above and below skeletal elements (C, D); in the filtered image (D) soft tissues including scales are of a yellowish color 
and are much easier to distinguish from skeletal material. 
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Figure 8: A juvenile specimen of the Jurassic ichthyosaur Stenopterygius quadriscissus (SMNS 81958). At the time these images 
were taken, the specimen was resting on a cart in the museum (not on display). Because of the large size of the specimen, and 
the fact that it was vertically oriented, our standard imaging cube and plates were not used. A) The specimen is embedded in a 
slab, and is quite large, shown with ruler in image. B) Visible light (5600k) image with an X-Rite ColorChecker Passport calibration 
card. The full specimen was imaged in C) visible light showing maximum glare (polarization fully disengaged) and D) minimum 
glare (polarization fully engaged). E) Oblique lighting from above the specimen in visible spectrum reveals three-dimensionality of 
the preserved skeletal remains. F) Under unfiltered UVA, the specimen takes on a violet hue, but repaired fracture lines are readily 
visible as blue-white lines. Close-up shots of the posterior portion of the skeleton were imaged in G) visible light and H) in UVABC 
with the LA120 light-balancing filter in place. Lower right hand side of image (H) shows a human hand holding an imaging card, 
with UV excitation dots, and a label confirming image was taken in combined UVABC wavelengths. Some obvious fossilized skin is 
present in visible light, but the UVABC image demonstrates that more is present than is visible to the unaided human eye. Image 
(H) shows adhesive as bright blue lines along fractures from repair of the slab. Better definition of soft tissues (skin) at the posterior 
end of the specimen is obvious. Variable coloration on some of the vertebrae and ribs indicate aspects of the history of the 
preparation and conservation of the specimen; their exact causes are not known in this case, but the image indicates them as 
places for further investigation and explanation. 
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The extensive presence of soft tissue in a small 

and undescribed fossil shark (Figure 9) serves as 

an important and sobering reminder of the 

details that may be missed by failing to take 

images in different wavelengths. We also were 

surprised by the revelation of what appears to be 

a preserved membrane in a fossil egg (Figure 

10).  

 

Application 3. Identification and 

differentiation of man-made interventions 

Progressive Photonics provides an inexpensive 

method to detect, record, and understand some 

man-made interventions that shaped the 

taphonomic history of fossil specimens. The need 

to diagnose man-made artifacts received 

increased attention in recent years, thanks in 

part to the application of digital X-ray and CT 

scanning to the study of fossils. In some cases 

CT data reveal man-made interventions that 

might otherwise have remained undetected or 

been interpreted to be ‘real’ biological data 

(Rowe et al., 2001, 2016; Mateus et al., 2008; 

Tembe and Siddiqui, 2014; Kappelman et al., 

2016: methods, extended data, and 

supplemental data). Some limitations of these 

techniques are high cost, specimen size 

restrictions, limited equipment availability and 

the inability of the techniques to provide details 

about surface materials (adhesives, paint and 

consolidants). Other authors have emphasized 

the importance of detecting man-made 

interventions in the specific context of fraudulent 

misrepresentation of data (e.g., Rowe et al., 

2001, 2016; Mateus et al., 2008), but it is 

important to understand that detection of man-

made interventions is not solely about 

identification of malicious intent to deceive. That 

is one category of intervention, and an important 

one, but it appears to be relatively rare. Most 

man-made interventions that we encounter were 

done either in the interest of preserving or 

protecting the specimen, or for purposes 

associated with public exhibition. With respect to 

documentation, the important issue is to detect 

and record interventions, regardless of the intent 

or motivation behind the intervention itself. 

Our examples document a range of 

interventions. Specimens prepared specifically 

for exhibit are common in scientific collections 

and may or may not have a solid basis in actual 

biological remains. The partial skull of a fossil 

rhinoceros (Figure 11) illustrates this point. 

Using fluorescence it is apparent that the original 

skeletal material was combined with plaster, 

paint, and skeletal fragments probably from a 

different specimen. This was a common approach 

to ‘preparation’ in the past (e.g. Baeza et al., 

2016), and continues to some degree today. 

A stingray (Figure 12) shows some signs of repair 

and preparation in visible light, but under UVA 

illumination (Figure 12C), the repaired fractures 

are highlighted as areas much wider than a 

simple crack, suggesting paint was applied to 

blend the repairing adhesive with adjacent 

matrix. UVC illumination (Figure 12D) reveals a 

translucent coating that covers the entire 

specimen. The presence of a coating on this 

specimen is problematic because there is no 

preparation record of the materials that were 

applied. Even if the added material was known 

there are no studies exploring the consequences 

of oxidation on different materials and their 

implications for elemental or geochemical 

analysis. A repaired fossil gar provides an 

excellent opportunity to compare what is shown 

in a Progressive Photonics sequence and 

compare it to preparation photographs. The gar 

was found naturally fractured into 13 pieces 

(Figure 13G) with missing pieces in the body, fin 

tips and matrix around the specimen. Images in 

unpolarized and polarized visible light (Figure 

13A, B) and light from different directions (Figure 

13C, D) reveal various aspects of a complex 

three-dimensional surface, including the 

naturally faulted tail and posterior fins. Under 

UVA illumination the two constructed areas are 

evident in the body, however constructed fin tips 

are not as obvious (Figure 13E). UV also shows 

the repaired cracks around and through the 

specimen showing more blocks of matrix than 

seen in the preparation photos. Because the rock 

used to fill gaps came from associated excess 

matrix, UV illumination does not highlight them 

as foreign. UV illumination does show at least 

two man-made materials along repaired fracture 

lines. This specimen is a reminder that much of 

the skilled artwork used to augment specimens 

for public display is tailored to deception in the 

visible spectrum. 

The deception in this case was certainly benign, 

and done for the benefit of a viewing public, but 

it still represents intervention with the intent to 

deceive, and may have an impact on the 

scientific utility of the specimen (for example, 

accurate body length measurement cannot be 

made because of the extent of the biologically 

missing, now sculpted, portion of the specimen). 
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Figure 9: An undescribed fossil shark from Solnhofen Limestone (LFPSE 1657). A) The image in polarized visible light shows the 
outline of the body and portions of the calcified cartilaginous vertebral elements. B) Under oblique visible light skeletal materials 
are much easier to visualize. C) Under UVB illumination with light-balancing filter the gill arches and other anatomical details 
become readily visible. 
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Figure 10: Indeterminate avian egg (AMNH FARB 6168) from the Eocene Bridger Formation, Clark Fork Basin, Wyoming. A) The 
specimen imaged in polarized visible light shows calcite mineral replacement in the interior of the egg (lower right). At the top, 
the eggshell appears intact. The white lettering and black specimen number are placed on an area where the shell is missing. B) 
Under UVA wavelength with a light-balancing filter the calcite is readily differentiated by its reddish-pink color. Light blue coloration 
around the label is a reaction to the labeling material. The cream-colored lines along the upper left reveal a repaired fracture. The 
orange-yellow beneath the label represents a distinct layer within the egg; it is also visible in cross-section in at least five places, 
suggesting it was once a continuous (or nearly continuous) layer inside of the outer egg shell. This possibly represents a preserved 
membrane under the shell. These images open new avenues for investigation, preparation, and interpretation, in addition to more 
thoroughly documenting the specimen and aspects of its history. 
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Figure 11: An artistically crafted ‘skull’ of an Asian rhinoceros purportedly representing Plesiaceratherium gracile TMM 43643-1). 
A) The specimen was imaged in visible light and B) UVC illumination with light-balancing filter. Although the specimen appears to 
be a cohesive whole in visible light, UVC illumination clearly shows that it is a mosaic of materials, including some associated 
(original?) skeletal material along the dorsal portion of the skull and the central portion of the ramus of the dentary. At least two 
other skeletal components react differently, with a bright pink fluorescence at the anterior end of the dentary, and a darker 
purplish-pink at the posterior end; these portions most likely represent material not originally associated with the other bone, nor 
with each other. The dark purple is all plaster, paint, or adhesive used in construction and final artistic rendering of the specimen. 
The majority of this specimen is artistic creation. 
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Figure 12: Heliobatis radians (freshwater stingray) from the Eocene Fossil Lake deposits of the Green River Formation (UW 11577). 
A) The specimen was imaged in direct visible light, B) oblique visible light from top of the image (note shadow cast by indicator 
cube), C) unfiltered UVA illumination, and D) unfiltered UVC illumination. The oblique visible lighting more clearly shows repair 
work on the slab (fracture to lower left of specimen) and an unexplained area of intervention curving around the edge of the 
specimen near the bottom of the image. Distinct (deliberate?) scratch marks surround the periphery of the specimen. UVA 
illumination (C) shows the specimen within a large light blue area (cause unknown); paint applied over repaired fractures shows 
as a dark purple; some paint also was used to touch-up the specimen (dark areas). UVC illumination (D) clearly shows a man-
made coating over the entire specimen; it is not visible in other UV spectra nor in visible light. No documentation exists of what 
was used (we suspect it was Glyptal or a related compound but 30 years of oxidation complicates analysis of this). Although the 
specimen appears to be anatomically intact, this coating renders it useless for elemental analysis, synchrotron scanning, or other 
as-yet-undeveloped molecular techniques that would require unaltered material. 

UV Illumination will not, however, always clearly 

reveal human interventions. A second specimen 

of fossil gar demonstrates this (Figure 14). In 

that specimen it is the oblique lighting images 

from the sequence that reveal the most about 

repaired fracture lines, smoothing, and other 

interventions (Figure 14A); these remain well 

masked in the UV images (Figure 14B). 

Historical specimens in our museum collections 

often have long and complex post-collection 

taphonomic histories, but they frequently are 

histories with inadequate documentation. A 

phytosaur specimen (Figure 15) from the Triassic 

of Petrified Forest National Monument was 

originally collected in the 1930s, and inspection 

in visible light is sufficient to document that it 

was repaired or augmented in several places. 

Under combined UVABC illumination it becomes 

clear that different materials were used to repair 

breaks, and suggests that the various repairs 

were possibly made at different times. At least 

four non-biological materials are present, 

including material used to partially reconstruct 

the snout. Unlike the Rhinoceros skull (Figure 11) 

and the fish (Figure 13), no effort was made here 

to conceal the reconstructed portion. 

Our final illustration is a commercially produced 

fish specimen from the Green River Formation in 

Wyoming (Figure 16). The specimen was 

prepared in the 1980s and unfortunately does 

not have a preparation record. The uniform glare 

across the specimen in direct light strongly 

suggests the presence of a surface coating(s) 

(Figure 16A). Under UVABC combined 

illumination many reactive areas are visible 

which suggests paint was applied prior to the 
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final surface coating (Figure 16B). It appears the 

surface coating and paint were applied to 

improve visual aesthetics and served no scientific 

purpose. 

No matter the type of fossil, which formation it is 

from, when it was found, or who it was obtained 

from, investigators should carefully look for the 

presence of paint, adhesives and coatings 

because specimens with such added materials 

cannot reliably be analyzed by modern 

geochemical investigation techniques. 

Commercial fossil specimens are common in 

scientific and private collections. Often, privately 

held specimens or collections end up at a 

research institution as their ultimate home. 

 

DISCUSSION 

 

Progressive Photonics contributes to scientific 

rigor and communication in two important ways. 

First, it consists of standard, repeatable methods 

guiding the generation of sequential images. 

That sequence facilitates comparison of the 

reactions of an individual specimen to different 

portions of the electromagnetic spectrum, and 

comparisons of the reactions of different 

specimens subjected to the same stimuli. 

Second, these methods further the scientific goal 

of objectivity because they minimize subjective 

variables that often are introduced into digital 

imagery (see Bengston, 2000). Properly 

executed images under Progressive Photonics 

protocols require no post-processing. This is a 

major improvement over imaging techniques 

that rely on image-editing programs such as 

Photoshop (Bengston, 2000). 

Edited images have several major problems. 

First, objectivity and repeatability are hampered 

because results often are tailored to the 

perspective of a single individual. Photoshop and 

other image-editing software programs 

complicate repeatability and consistency 

because they require the unlikely circumstance 

 

 

Figure 13: Fossil gar (Lepisosteus bemisi) from the Eocene Fossil Lake deposits of the Green River Formation (FOBU 13648). Close-
up views of the central portion of the body document the difference between A) un-polarized and B) polarized visible light, and the 
dramatic differences in perspective derived from oblique lighting, with C) light from top and D) light from the right. Under UVA 
illumination, extensive repair work is readily visible (dark blue-black region); this entire area was filled and sculpted as part of the 
preparation of the specimen for public display. 
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Figure 13 (continued): E) A full frame image of the specimen in UVA illumination shows repaired fractures above and below the 
sculpted area. F) The specimen looks good in visible light, though there is a slight color difference in sculpted areas. G) Photo-
documentation (photo by R. Hebdon) of the assembly for exhibition was an important part of the archival record. 
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Figure 14: A fossil gar, Atractosteus simplex (FOBU 788) from the Green River Formation. Fluorescent imagery will not record all 
human interventions. A, B) In this case, oblique visible-light imagery does a better job illustrating repaired fracture lines, 
smoothing, and other interventions, than does the UVA image shown in (C). The breaks and repairs in the matrix of this specimen 
are masked in UV illumination, although stabilizing adhesive on the specimen itself clearly fluoresces in blue. The darker scales all 
are surrounded by adhesive, reflecting a complex history of preparation and assembly.
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that the original authors and all subsequent 

users have exactly the same light, camera, 

computer, software, and monitor 

calibrations/settings used in the imaging and 

review process. Additionally repeatability 

requires authors clearly articulate all image-

editing steps used on the original image to 

generate the final image. 

The second major problem with digital-photo 

editing is the potential to add totally 

unassociated artifacts to digital images (e.g., 

color shift, color gradation, graininess or ‘noise’). 

These editing artifacts may result from simple 

editing enhancements, and can be 

misinterpreted easily as actual details of a 

specimen. Access to, and objective 

documentation of, the raw data and resultant 

imagery makes clear to our contemporaries and 

to future generations what was done to obtain 

research or archived images. This is especially 

true for published images, which are the most 

widespread documentation of specimens, and 

serve as the basis of subsequent interpretations  

  

Figure 15: Phytosaur skull from Triassic deposits in Petrified Forest National Monument (PEFO 382). This specimen was collected 
in the 1930s and was subsequently subjected to modifications on three different occasions over 80 years. The specimen is shown 
here in A) oblique visible light, and B) UVABC combined illumination with the light-balancing filter. In visible light repair work along 
multiple breaks (red arrows) is discernible as is undocumented fill (light blue arrow) along a portion of the snout. An analysis of 
the snout under UVABC illumination shows that at least four different materials were used to repair breaks, presumably correlating 
to the three stages of repair, and the fill portion is distinctly visible. It is not clear how decisions were made about the ‘proper’ 
length of the filled area. Even though the specimen was on display in the past, no attempt was made to mask or conceal the fact 
that fill was used to make a more ‘complete’ specimen. This makes apparent to the viewing public which portions of the specimen 
represent actual fossil material. 
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by other practitioners in the same or related 

disciplines. 

Progressive Photonics yields images that are 

easy and relatively inexpensive to generate. The 

methods are extraordinarily flexible in terms of 

implementation. Required equipment is portable 

and usable in both field and laboratory settings. 

We successfully documented specimens that 

span a broad size range, from wall-mounted 

slabs several meters across, to mounted skeletal 

specimens on exhibit, to microscopic specimens 

or anatomical systems only a few millimeters in 

length. In the field, multispectral images may 

provide data to help shape excavation or 

sampling strategies, to provide early evidence of 

preservation of soft tissues and fine structures, 

or to guide decisions on field-based 

conservation, specimen packing, and transport. 

In the laboratory, UV illumination is not viable for 

safe or effective ‘real-time’ preparation of 

specimens because of safety issues associated 

with extended UV exposure, and because proper 

ultraviolet lamps emit extremely low levels of 

visible light (OSHA and electrical codes require 

much more visible light for workstations where 

“fine detail” tasks are performed). Periodic UV 

imaging can be used to guide preparation and 

simultaneously to document changing conditions 

of a specimen during preparation. This is 

especially true for specimens with soft-tissue 

preservation that is difficult or impossible to 

recognize in visible light. 

Data generated through Progressive Photonics 

complement data derived from CT scanning, 3D 

surface scanning, photogrammetry, digital X-

ray, and traditional molding/casting techniques. 

Progressive Photonics often can reveal natural 

biological material and specimen preparation 

artifacts that are too subtle for any of the above 

techniques to detect. Among all these 

techniques, Progressive Photonics does the best 

job of minimizing subjective interpretation and 

interpolation. Data derived from Progressive 

Photonics are not a duplication of, nor a 

replacement for, those other data sets. Each of 

these techniques has specific advantages under 

certain conditions, and all are important tools for 

modern paleontologists. None of these 

techniques can replace physical specimen data 

that are lost as a result of careless or hurried field 

collection or preparation damage in the 

laboratory. Progressive Photonics is singularly 

well-positioned to minimize the potential for such 

damage at all stages of the collection, 

preparation, and analysis of specimens. 

We recognize that the standard 17-shot 

sequence we describe may not be practical under 

all conditions. It is, however, valuable as a 

specimen-data record for collection 

management, curatorial, or research purposes. 

It is certainly helpful when specimen loans or 

collection visits are not possible or practical. 

There is a strong movement in paleontology to 

digitize specimens and their associated data but 

those data are not always readily available 

(Davies et al., 2017). A sequence of images 

provides valuable data that serve as archival 

records of specimen condition at a point in time. 

Another major benefit of Progressive Photonics is 

that the exact alignment between images 

enables detection of minute differences that are 

revealed by the progression of lighting changes 

in an image sequence. Analyzing an image 

sequence is simplified by using image 

management programs such as Adobe 

Lightroom, iPhoto, or Windows Image Viewer. 

Programs that allow sequential viewing of images 

allow researchers to flip back and forth easily 

through the progression and recognize subtle 

differences, features, or structures that may 

otherwise be missed. We are most familiar with 

Adobe Lightroom which allows sequential image 

review in zoom mode, revealing even finer 

details that are more likely to be overlooked.  

The term Progressive Photonics captures quite 

well both our concept and our broadest view on 

usage of the methods outlined herein. We use a 

separate term, Forensic Photonics, to encompass 

and distinguish the interpretive evaluation of 

specimens based on images resulting from 

applications of these methods. Any man-made 

intervention must become a permanent part of 

the documentation and history of a 

paleontological specimen. Progressive Photonics 

is an easy way to document visually the 

alterations made to a specimen, including 

repairs, reconstructions, sculpting, plastering, 

the construction of chimeric mosaics made of 

skeletal remains from different specimens, and 

application of adhesives, coatings, and 

consolidants. The visualization and 

documentation are independent of the intent or 

motivation behind the intervention(s). Forensic 

Photonics is the application of interpretive 

context to a Progressive Photonic sequence thus 

allowing interpretive statements about history, 

condition, and quality of a specimen and, 

especially, of its scientific integrity. The aim 

is  to  improve  understanding  and  to  record  

and  disseminate  accurate  information 

about specimens. The intent behind man-made 
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Figure 16: Mioplosis sp. (TMM 46101-1) from the Eocene Green River Formation in Wyoming. The specimen was imaged in A) 
direct visible light and B) UVABC light-balanced illumination. The specimen was commercially produced, with an assurance that no 
modifications were made to the fossil material. In visible light, the specimen appears to have good overall form, although the 
uniform glare strongly suggests that the skeleton was coated. Under UVABC illumination (B) it is clear that the central portion of 
the fossil on either side of the vertebral column was painted (dark coloration), as were the distal ends of the various fins and tail. 
The distinct muddy gray color over most of the anterior end, along the entire length of the vertebral column, and most of the fins 
represents a coating of unknown material that probably was uniformly applied across the entire specimen; the paint is reacting 
more strongly with the UV illumination creating the appearance of multiple layers of coating. This is significant because many 
institutions continue to unnecessarily coat all specimens as a standard practice, with what is deemed ‘protective actions.’ This 
practice renders a specimen useless for modern elemental-analysis techniques such as synchrotron or EDS on an electron 
microscope. These interpretations, and subsequent observations of the man-made materials added to this specimen were 
confirmed under high-magnification microscopy. 
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interventions is important, but not the sole focus. 

Judgments about the issue are really beside the 

point. We urge our colleagues not to frame their 

thoughts and use of Progressive Photonics or 

Forensic Photonics in the context of malicious or 

fraudulent interventions. Forensic interpretations 

apply across the full spectrum of man-made 

interventions. Our application of Forensic 

Photonics led us to the conclusion that there is 

fertile ground for discussion about the propriety 

of various interventions, especially those 

associated with public display and exhibition of 

fossil specimens. Deception is deception, even if 

it is intended to provide the public with an 

enhanced viewing experience of fossil 

specimens. Reconstructions and modifications 

that were deliberately masked are certainly a 

part of the history of our science, but whether 

that practice remains appropriate should be 

more widely discussed. 

 

CONCLUSION 

 
Paleontology generally is not counted among the 

wealthy or exceedingly well-funded scientific 

disciplines. Paleontologists as a group are, 

therefore, accustomed to striking a key balance 

between wisely utilizing limited available funds 

while simultaneously extracting the maximum 

scientific yield from their endeavors. The 

increasingly widespread acceptance over the last 

two decades of the expenses associated with CT 

scanning demonstrate that expense alone is not 

a deterrent to the establishment of new 

‘standard’ (or at least widespread) practices 

within the field. When the scientific yield is 

significant, practitioners will adjust budgets and 

priorities accordingly, and a gradual (or even 

relatively abrupt) culture change will follow. 

The ease with which Progressive Photonics can 

be applied, and the flexibility of the method to 

accommodate various imaging needs and 

situations make it clear that there is no overt or 

insurmountable obstacle to a broad adoption of 

Progressive Photonics within the paleontological 

community. An enculturated practice of 

systematic image-documentation of specimens 

would, in our opinion, be a positive step forward. 

Our experience with hundreds of specimens and 

dozens of collections suggests that significant 

new scientific data will be readily developed from 

many specimens during all phases of collection, 

from in-the-field evaluation, to laboratory 

preparation, to various aspects of research and 

curatorial documentation. As we documented 

with our figures, important insights can be 

garnered from articulated and disarticulated 

fossil specimens, including isolated elements. We 

argue that the scientific yield is extraordinarily 

high, even in instances where different 

wavelengths yield no appreciable difference from 

images taken in visible light. Getting no 

fluorescing reaction is an important result as 

well; it affords an opportunity to learn something 

about the specimen, and may result in increased 

confidence in its integrity.  

Our ‘take-home message’ is that what meets and 

is perceived by the eye (literally, in visible 

spectrum) is not all that needs to be known, and 

it is never safe to assume that all preserved 

biological material will be visible to the naked 

eye, nor that a specimen is unaltered. Those are 

propositions or hypotheses that need to be 

evaluated and supported before conclusions are 

drawn about the scientific importance of a given 

specimen.  

These issues affect all of us, and the intellectual 

enterprise that is our discipline. We should 

embrace and develop all methods that help us 

move forward in a positive way. Tools and 

techniques that help us distinguish biological and 

geological structures, recognize soft-tissue 

preservation, and identify man-made 

interventions of any kind, should be embraced 

and used to improve the documentation of 

specimens. These issues certainly must be 

considered when fossil material is described and 

published. Failure to do this will lead to decline 

in scientific rigor, erroneous data in the 

literature, perpetuation of misinformation, 

deterioration of public trust in the integrity of 

paleontologists and their work, and a general 

decline of the field. 

 

DISCLAIMER 

 
We have no financial interest nor have we 

received compensation from any of the 

companies who produce or sell the equipment 

listed in this paper. We chose the equipment 

after extensive testing of many brands and 

models. Our goal is to generate the best data 

possible through the use of the best 

documentation tools and practices within 

reasonable financial parameters. 
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