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With advances in web applications, organic petrography and other related disciplines are in need of updated
online resources and educational tools to aid professionals and students in the identification and interpreta-
tion of macerals. The U.S. Geological Survey (USGS) Organic Petrology Laboratory along with USGS Eastern
Energy Resources Science Center Information Technology staff have developed five web atlases containing
images of organic matter in geologic materials: 1. an American Society for Testing and Materials (ASTM)
Atlas, 2. an Organic Petrology Taxonomy for International Classification (OPTIC) of Coal Macerals Atlas, 3.
an Interactive Gulf Coast Photomicrograph Web Atlas (I-Map), 4. an Organic Material in Shales Atlas
(Shale), and 5. an interactive Blue/White/Ultraviolet (UV) Light Atlas (Light). Each web atlas contains images
of macerals with associated sample and petrographic data collected by the USGS. These webpages will
provide means to preserve and circulate petrographic data collected by the USGS for coal and shale samples
from all over the world.

Published by Elsevier B.V.
1. Introduction

Textbooks, printed regional atlases, and compact disc compilations
displaying coal macerals have been useful resources to aid organic
petrology professionals and students in the identification and interpre-
tation of macerals (e.g., Falcon and Snyman, 1986; International
Committee for Coal and Organic Petrology, 2006, Martinec et al., 2005;
Panaitescu and Predeanu, 1999; Papp et al., 1998; Potter et al., 1998;
Sen Gupta and Bardhan, 2005; Taylor et al., 1998; Yang et al., 1996).
These traditional resources can be expensive to produce, and difficult
to access. Some may use outdated nomenclatures, or have poor quality
images. Today maceral descriptions with photomicrograph examples
are being delivered over the internet in web atlases (e.g., Crelling,
2003; Dennen and Valentine, 2009; Indiana Geological Survey, 2011).
Online atlases provide resources for students and the public on organic
petrology and coal macerals; however, a sufficient number of photomi-
crographs are needed to fully express the range of variation that
macerals can exhibit, along with supporting sample/petrographic data.

In 2009 theU.S. Geological Survey (USGS) Organic Petrology Labora-
tory (USGS-OPL) in Reston, Virginia, launched an online web atlas for
metallurgical bituminous coals containing 140 photomicrographs
(Gesserman et al., 2009) with macerals labeled according to the
+1 703 648 6419.
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American Society for Testing and Materials (ASTM) coal maceral classi-
fication criteria (ASTM, 2011a). Referred to herein as the ASTM Atlas,
the labeled photomicrographs are divided into seven maceral groups
and types.Webmetrics data collected fromOctober 13th, 2011, through
December 13th, 2011, showed 160 visits to the USGS Organic Petrology
Photomicrograph Atlas webpage from unique government, academic,
private sector and public web users representing 25 different countries
(Tables 1 and 2). The ASTM atlas had 106 visits over the same time
period with the vitrinite gallery receiving the most views (Table 2).
Even though the web metrics data cover a fairly short timeframe, they
show that the atlas is being viewed by a wide audience of different
user types from many locations.

Building upon the ASTM Atlas, the USGS Eastern Energy Re-
sources Science Center (EERSC) staff has developed multiple petro-
graphic web atlases (http://energy.usgs.gov/Coal/OrganicPetrology/
PhotomicrographAtlas.aspx). These atlases provide tools and exam-
ples that aid in identifying organic matter in geologic material. This
paper describes the content of the atlases and the methodology
used to create them. The web atlases include:

1. Organic Petrology Taxonomy for International Classification (OPTIC)
of Coal Macerals Atlas

2. Interactive Gulf Coast Photomicrograph Web Atlas (I-Map)
3. Organic Material in Shales Atlas (Shale)
4. Interactive Blue/White/Ultraviolet (UV) Light Atlas (Light).

Updates to the ASTM Atlas are also described herein.

http://energy.usgs.gov/Coal/OrganicPetrology/PhotomicrographAtlas.aspx
http://energy.usgs.gov/Coal/OrganicPetrology/PhotomicrographAtlas.aspx
http://dx.doi.org/10.1016/j.coal.2012.09.012
mailto:bvalentine@usgs.gov
http://dx.doi.org/10.1016/j.coal.2012.09.012
http://www.sciencedirect.com/science/journal/01665162
http://crossmark.crossref.org/dialog/?doi=10.1016/j.coal.2012.09.012&domain=pdf


Table 1
Two month representation of the number of visits by types of web
users to the USGS Organic Petrology Atlas Webpage. Data were col-
lected from October 13th, 2011, to December 13th, 2011.

Types of atlas web users # of visits

Government 44
University/school 12
Private sector 11
Public sector/other 93
Total 160
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2. Methods

2.1. Laboratory procedures and equipment

Samples received by the USGS-OPL for petrographic analyses are
prepared by grinding to pass 850 μm (no. 20 mesh) or 1000 μm
(no. 16 mesh) sieves and mounting into a circular one inch mold with
thermoplastic powder or epoxy resin medium. Sample pellets are
then ground and polished to make a flat examination surface following
protocols established by the ASTM Standard Practice D 2797: Preparing
Coal Samples for Microscopical Analysis by Reflected Light (ASTM, 2011b).
After sample preparation, USGS staff conducts an array of petrographic
analyses during which photomicrographs are taken to document
features found during examination. Images are captured using either a
Leica DMRX microscope with a Leica DFC 480 digital camera or a Zeiss
AxioImager microscope with a Zeiss AxioCam MRc digital camera.
Both microscopes are equipped with tungsten halogen (for white
incident light) and tin halide (for blue light/UV fluorescence) light
sources.

2.2. Image capture and processing

The USGS-OPL has been capturing digital photomicrographs of
organic matter in coals, shales, and other geologic materials during
routine petrographic analysis since 2002 and has amassed thousands
of photomicrographs since that time. All photomicrographs were
saved in Tagged Image File Format (TIFF) over multiple computers
and servers. Atlas development began by collecting all of the digitally
saved images and compiling a detailed inventory, which included
descriptions of maceral types, illumination conditions (e.g., oil immer-
sion, incident white light), sample origin, preparation, and collected
petrographic data. This informationwas then used to generate metada-
ta for each of the images found within the atlases (Table 3). Editing and
labeling of images were completed using Adobe Photoshop™ and Illus-
trator™ software.

Except for images in the ASTM and Light Atlases, all photomicro-
graphs containmacerals labeled according to classifications promulgated
by the International Committee for Coal and Organic Petrology (ICCP;
ICCP, 1998, 2001; Sýkorová et al., 2005) and, in the case of liptinite
Table 2
Two month representation of the number of web user visits to the USGS Organic
Petrology ASTM Photomicrograph Atlas by maceral type gallery. Data was collect-
ed from October 13th, 2011, to December 13th, 2011.

ASTM Atlas photomicrograph galleries # of visits

Vitrinite gallery 37
Sporinite gallery 13
Micrinite gallery 13
Cutinite gallery 12
Semifusinite gallery 12
Fusinite gallery 10
Inertodetrinite gallery 9
Total 106
macerals, classifications according to the textbook Organic Petrology by
Taylor et al. (1998). The labeled macerals in the atlases were chosen be-
cause they meet the standards established by the ICCP or ASTM and
range in quality from “textbook” examples to those that could span sev-
eral different maceral types. By displaying some photomicrographs that
are not prime maceral examples, users can view and interpret the vari-
ability that macerals can exhibit. Despite the fact that the definitions
and standards for maceral identification promulgated by the ASTM and
ICCP give practitioners the best guidance in the identification of
macerals, the process can be subjective. The labeled macerals in the
web atlases were identified by USGS-OPL staff following interpretation
of the ASTM and ICCP definitions and standards. Maceral labels that con-
tain a “?” indicate that the exact identification could not be labeled with
100% confidence; a short comment describing why the maceral was
marked as questionable is included in the metadata. Users who find er-
rors or have suggestions for improvement are encouraged to contact
the USGS-OPL using contact information found in the metadata of each
photomicrograph.

After labeling, image file sizes are reduced from a high resolution
TIFF format (200 dpi) to a Portable Network Graphic (PNG) image
format (75 dpi) for faster web viewing. Each labeled photomicro-
graph is reviewed by at least two staff members of the USGS-OPL to
evaluate the maceral identifications and the information compiled
within the metadata. During the image review process if there is a
disagreement or uncertainty about a maceral identification, the
label is changed or the description of the maceral is amended to pro-
vide clarification.

2.3. Webpage construction

Once photomicrographs have been formatted and labeled, and the
metadata compiled, USGS-OPL staff passes all digital content to USGS
EERSC Information Technology (IT) staff that creates the atlas and
gallery webpages. An open source web content management system
that contains a web site development framework (DotNetNuke) is
utilized to quickly build and deploy feature-rich, interactive web
sites and applications utilizing Microsoft.NET technology. A gallery
module in DotNetNuke uploads and organizes photomicrographs
into their individual galleries. Photomicrograph metadata is built
using a Microsoft SQL database that creates and/or retrieves data
from the photomicrograph inventory database. The metadata is
hyperlinked to each image within the gallery module.

The final web product varies slightly depending on the atlas type,
but ultimately the webpage of each photomicrograph gallery exhibits
thumbnails for each image. By selecting a thumbnail, a high quality
enlarged image in a gallery viewer window will open on the users'
monitor. Users can expand the image, advance to other images within
the gallery, enable a slideshow of images, view associated metadata,
print or email the image, or use social networking tools such as
Twitter™ or Facebook™ to share images and data.

Following USGS Fundamental Science Practices for peer review
(USGS, 2011) and per the discretion of the USGS EERSC, two technical
reviewers evaluate all webpages. Webpages are posted once they
have received Bureau approval. All USGS Photomicrograph Atlases
are provided on a provisional basis and are potentially subject to revi-
sion. The data are released on the condition that neither the USGS nor
the United States Government may be held liable for any damages
resulting from its authorized or unauthorized use.

3. Content

3.1. USGS Organic Petrology Atlas Webpage

Photomicrograph Atlas users are initially presented a ‘dashboard’
menu that allows them to navigate between the different atlases
(Fig. 1). Web users can also navigate to background information



Table 3
List and description of USGS Organic Petrology Photomicrograph Atlas metadata.

Attribute title Data description and format

Photomicrograph Name of the photomicrograph.
File name File name of the photomicrographwith JPEG image hyperlink.
Title Title of the photomicrograph listing the type of sample (e.g.,

lignite, subbituminous, shale) and the macerals labeled in
the image.

Sample name Sample names are typically assigned by the collector of the
sample.

Lab ID Aunique laboratory identification number for each sample that
enters the USGS Organic Petrology. Lab IDs were first assigned
in 2005. All samples prior to 2005 will have a Lab ID of 0.

Sample type Describes the type of sample collected (e.g., core, cutting,
grab sample).

Date taken Date the photomicrograph was taken in the USGS Organic
Petrology Laboratory.

Photographer Name(s) of the photographer who captured the image.
Location The location of the USGS Organic Petrology Laboratory: U.S.

Geological Survey, MS 956 National Center, Reston VA
20192

Contact USGS Organic Petrology Laboratory staff member to contact
if there are questions or to request additional information.

Preparation Describes how the sample was prepared in the USGS Organic
Petrology Laboratory prior to making sample briquette.

URL Uniform resource locator (URL) listing the internet address of
the atlas or gallery that comprises the photomicrograph.

Condition Describes the microscope conditions during image capture
(e.g., white incident light under oil immersion, blue incident
light under oil immersion).

Collector The name of the person who collected the sample.
Material Describes the sample rock type (e.g., coal, shale).
Well/mine name The name of the well or mine from which the sample was

collected.
Number of samples The number of unique samples recovered from the well or

mine location (e.g., number of samples taken from different
depths in a well).

Country The country of origin of the sample.
State The state where the sample was collected.
County The county where the sample was collected.
Latitude Sample collection decimal degree location values.
Longitude Sample collection decimal degree location values.
Lease Sample collection well lease name.
API American Petroleum Institute (API) number identifying well

where the sample(s) were collected.
Top depth (ft) Depth to top of sampled section.
Bottom depth (ft) Depth to bottom of sampled section.
Basin Describes the basin or region where the sample was taken

(e.g., Gulf Coast, North Slope Alaska, Appalachian).
Period The geologic time period of the rock formation.
Epoch The geologic epoch of the rock formation.
Age The geologic age of the rock formation.
Group The geologic group of the rock sample.
Formation The geologic formation of the rock sample.
Member The geologic member of the rock sample.
Vitrinite Ro, random Measurement of sample mean random vitrinite reflectance.

Be advised, some samples may not have been measured to
ASTM standards. Use the metadata publications hyperlink
(where available) to access more in-depth information.

Vitrinite Rmax Measurement of sample meanmaximum vitrinite reflectance
according to ASTM standards. Use the metadata publications
hyperlink (where available) to access more in-depth
information.

Standard deviation Measure of the variability or diversity of the vitrinite reflectance
measurements.

Number of
measurements

Number of vitrinitemeasurements collected fromeach sample.

Estimated rank Estimated coal rank based on ASTM D388 (ASTM, 2011d).
Project The name of the research project for which the sample was

collected.
Publication Hyperlink (where available) to online publications that contain

additional information and data regarding the sample, location,
or photomicrograph.

Macerals A list of the macerals that have been labeled in the
photomicrograph.

Mineral A list of minerals either labeled or present in the
photomicrograph.

TOC Total organic carbon (TOC) measurement in wt.%.

Table 3 (continued)

Attribute title Data description and format

Comment Describes the photomicrograph by listing the labeledmacerals
found within the image and the light conditions in which it
was taken. Commentsmay also describe questionablemaceral
identifications or why a particular maceral type was chosen
over another.

108 B.J. Valentine et al. / International Journal of Coal Geology 111 (2013) 106–111
about each photomicrograph atlas including its purposes, related
publications, citation preference for images, atlas contributors, and
frequently asked questions (FAQ)/help within the About section of
the dashboard (About; Fig. 1).

3.2. ASTM Atlas

The ASTM Atlas (ASTM; Fig. 1) has been available since 2009
(Gesserman et al., 2009) and contains 7 maceral type galleries showing
images ofmetallurgical bituminous coals labeled according to the ASTM
coal maceral classification criteria (ASTM, 2011a). For each maceral
type gallery selection, users view a short description of the maceral
based on the ASTM classification, with a gallery of thumbnail images.
Selection of a thumbnail image opens a high quality enlarged image
with options previously described (view metadata, print or email,
share via social networking, or proceed to other images; Fig. 2).

3.3. OPTIC Atlas

The OPTIC Atlas (OPTIC; Fig. 1) was created to provide visual
examples of macerals according to classifications established by the
ICCP (ICCP, 1998, 2001; Sýkorová et al., 2005) and liptinite examples
from Taylor et al. (1998). The atlas is divided into maceral groups, sub-
groups, and maceral type, with 25 maceral type galleries containing
approximately 400 labeled images. Selection of a thumbnail in amaceral
type gallery opens an enlarged image with tools previously described.
Initial images for the OPTIC Atlas were taken from USGS-OPL investiga-
tions of lignite and subbituminous coals in the North Slope of Alaska and
the Gulf Coast region, USA (Bailey, 2008; Hackley and Warwick, 2005;
Hackley et al., 2006, 2007, 2011, 2012; Warwick et al., 2006). Most
images were taken under oil immersion in white incident light and
some were collected under a dry objective or oil immersion with blue
light or UV fluorescence. A small portion of the images have been
published in USGS or outside publications, but the majority has not
been available until now. Once the ICCP approves a new classification
standard for liptinite macerals, the atlas will be updated to comply
with those standards. As part of planned updates to the OPTIC and
other image atlases, the USGS-OPL and IT staff are developing user feed-
back tools.

3.4. Interactive Gulf Coast Petrographic Web Atlas (I-Map)

The interactive Gulf Coast Petrographic Web Atlas (I-Map; Fig. 1)
allows users to select images and metadata based on sample location
(e.g., core samples from a well, or channel/grab samples from a mine
or outcrop) on an interactive map. Over 1100 photomicrographs of
lignite and subbituminous coals from five states in the Gulf Coast
have been collected by the USGS-OPL since 2002. The images were
generated as part of the assessment of coal resources in the region
(Warwick et al., 2011). Some of the petrographic data have been pub-
lished (e.g., Hackley et al., 2007) but the majority of the images have
not been available until now.

The I-Map was created with Adobe Flex using the Environmental
Systems Research Institute (ESRI) Web Application Programming
Interface (API; Fig. 3). The map contains basic navigation tools and
the ability to change scale from regional to localized levels of detail.
Users can conveniently sort and select sample data using the data
table located below the map or filter locations by using the filter



Fig. 2. Screen capture image of the gallery viewer window displaying a photomicrograph
taken in incident white light under oil immersion.

Fig. 1. Screen capture image of the USGS Organic Petrology Atlas Webpage with “dashboard” menu. Through the use of the “dashboard,” web users can view information about the
atlas webpages (“About”) or navigate to one of the 5 petrographic atlases: ASTM Atlas (“ASTM”), OPTIC Atlas (“OPTIC”), Interactive Gulf Coast Photomicrograph Web Atlas
(“I-Map”), an Organic Material in Shales Atlas (“Shale”), and an interactive Blue/White/Ultraviolet (UV) Light Atlas (“Light”).
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tool, which isolates locations based on geologic age, group/formation
name, or rock type. Once a sample location is selected, users can view
photomicrographs from that location, or link to sample information
and associated petrographic data within the online USGS or other
publications.

For each location, thumbnail images of all available photomicro-
graphs are displayed. Locations that have multiple samples from
different depths have images organized according to depth (in ft),
with the shallowest samples first. Maceral identifications of huminite
and inertinite in the I-Map were labeled based on the ICCP classifica-
tions (ICCP, 2001; Sýkorová et al., 2005) and liptinite based on Taylor
et al. (1998).

Future plans for the I-Map Atlas include expansion to active
organic petrography studies by the USGS-OPL on coal, shale, and
other geologic materials from other parts of the U.S. and the world
(e.g., Hackley and Martínez, 2007; Hackley et al., 2005, 2009, 2010).
Expansion of the interactive map atlas will include historical data
for samples collected since the 1970s (Deems and Hackley, 2012).

3.5. Organic Material in Shales Atlas (Shale)

The Organic Material in Shales Atlas (Shale; Fig. 1) contains labeled
images organized by formation name. The Shales Atlas was designed to
supplement ASTM D7708-11 Standard test method for microscopical
determination of the reflectance of vitrinite dispersed in sedimentary
rocks (ASTM, 2011c) and the images were collected for energy resource
assessments (Hackley, 2012), aswell as other projects (e.g., Suárez-Ruiz
et al., 2012). Fine grain size and dispersion into the mineral matrix
complicate the identification of organic materials in shale. This atlas

image of Fig.�1


Fig. 3. Screen capture image of the Interactive Gulf Coast Petrographic Web Atlas (I-Map) interface.
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aids in generic identification by providing access to the USGS-OPL
analyzed shale sample data and publications. The same tools (print,
email, social networking tools, hyperlinks to metadata) discussed in
previous sections are available to users of the shale images.
Fig. 4. Screen capture image of the gallery viewer window from the Blue/White/UV Light
Atlas (Light). The example shows the field of viewof a photomicrograph in incidentwhite
light (left hand side) and in incident blue light fluorescence (right hand side) both taken
under oil immersion. Users can toggle with the scroll bar at the top of the image to adjust
the field of view between white and blue light.
3.6. Blue/White/UV Light Atlas (Light)

The Blue/White/UV Light Atlas (Light; Fig. 1) is designed for those
users new to organic petrology or fluorescence microscopy by allowing
users to interactively compare and contrast macerals in blue, white and
UV light. This is accomplished with a scrolling tool bar that allows users
to swipe (slide layers aside) between different types of illumination
(Fig. 4). All available image sets are of the same field of view, taken
using white light, blue light, and UV fluorescence, all under oil immer-
sion. The photomicrographs used in the Light Atlas are from those com-
piled for the OPTIC and I-Map Atlases, except that the Light Atlas image
sets do not contain maceral labels.
4. Conclusions

The enhanced USGS Organic Petrology Photomicrograph Atlas
webpages are designed to supply resources and tools that aid in the
identification of organic matter in geologic materials. The atlas website
preserves and distributes petrographic data for coal and shale samples
from around the world. The development of these webpage atlases is
an evolving project that will continue to expand as new online tools
and resources become available. The USGS welcomes feedback to
ensure that the atlas webpages meet the needs of our customers.
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