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The Digital Integrated Stratigraphy Project (DISP) aims to eliminate the stratigraphical ambiguity associated with sample position within a stratigraphical section. For example, it is often impractical or impossible to compare one author’s
measured section and data precisely against another author’s geographically identical measured section and data due to
discrepancies in the measured thicknesses of units, variations in the assignments of litho- and chronostratigraphical
terms, and/or the precise line of measured sections between authors. The DISP will provide a solution to this problem by
producing a precise 3-D digital rendering of the exposure using Terrestrial Laser Scanning (TLS) LiDAR, Real-Time
Kinematic (RTK) Global Navigation Satellite Systems (GNSS), overlain digital photography, and GIS software to produce a cm to mm-scale accurate digital version of a given exposure. Once available online as a permanent web-based
digital resource for stratigraphy, researchers will be able to access the program and digital models of scanned exposures
where they will have the means to log their sample positions directly onto the digital exposure while in the field, thus allowing unambiguous stratigraphical reference for future comparison. The Digital Integrated Stratigraphy Project represents the
next generation of stratigraphical standard and can serve as the protocol for the future of high-resolution Palaeozoic Earth
history research. • Key words: LiDAR, Palaeozoic, stratigraphy, high-resolution, Silurian, Telychian, GSSP.
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The programs that began many decades ago to drill the
ocean floor systematically (e.g. the Ocean Drilling Program or ODP) revolutionized Cenozoic and Mesozoic Earth
history research by the very nature of the way the programs
were conducted. Because there was a single core at each locality, from which each specialized researcher was expected to retrieve their data, a rigorous protocol was adopted
by the shipboard scientific teams to ensure that all sampling endeavours on a given core would be carefully catalogued, cross referenced, and done in series. This guaranteed that there was little to no ambiguity associated with
the direct comparison of multiple sets of data from multiple
researchers from a given core, and has contributed to the
proliferation of extremely high-resolution multi-proxy integrated Cenozoic and Mesozoic Earth history research
over the past four decades.
DOI 10.3140/bull.geosci.1318

The Palaeozoic community never had this experience,
by virtue of the general lack of preserved Palaeozoic oceanic crust, and as a result there remains a critical roadblock
to the potential resolving power of future Palaeozoic research. As a general rule, Palaeozoic Earth history research
projects are conducted on a single to perhaps a few subjects
at a time for any given section during any given field campaign. To accumulate multiple types of palaeontological,
stratigraphical and geochemical data, all from one single
Palaeozoic section, typically takes a matter of many years
to sometimes more than a decade to produce during several
field seasons. There is no a priori reason that it should take
so long, but this is generally the pace when such objectives
are not part of a globally organized research program. Over
the course of the years required to amass from a single exposure palaeontological data from multiple clades, very
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how we utilized terrestrial laser scanning (TLS) to make a
high resolution, high accuracy, digital 3D photorealistic
terrain model of a Palaeozoic Global Boundary Stratotype
Section and Point (GSSP). The application of captured 3D
exposures to Palaeozoic (and in fact all) global stratigraphical studies represents a unique opportunity to overcome previous practical limits to the potential resolving
power of Palaeozoic research (i.e. stratigraphical ambiguity associated with sample position).

Project architecture

Figure 1. A – inset map of central England and Wales showing geographical places significant to the Silurian timescale. • B – map showing
the town of Llandovery and important geological localities of the surrounding area. Both A and B modified from Davies et al. (2011).

high-resolution litho- and sequence stratigraphy, and a
wide range of geochemical data, there is a necessary limit
to the level of certainty with which each of the collected
data sets can be compared. Because they were collected at
different times and by different people, there is bound to be
at least some degree of stratigraphical uncertainty associated with each sample. Highway paint and/or metal tags
within exposures have been used to address this problem,
but even they have a limit to their resolution.
Recent advances in geospatial data collection, analysis,
and integration, such as the use of TLS (Terrestrial Laser
Scanning) LiDAR combined with RTK (Real Time Kinematic) Global Navigation Satellite Systems (GNSS – Includes the U.S. GPS and Russian GLONASS satellites),
high-resolution digital photography, and GIS software for
three dimensional modeling of stratigraphical sections
(e.g. Burnham et al. 2008, Kashouh et al. 2009, Aiken et al.
2009, Olariu et al. 2011), allow unique opportunities for
the future of high-resolution stratigraphy and Earth history
research (see http://www.utdallas.edu/research/interface).
The capture of 3D exposures using LiDAR (Light Detection and Range), however, has mostly used point-clouds
for analysis (McCaffrey et al. 2005), been utilized by reservoir modellers (Buckley et al. 2008, Fabuel-Perez et al.
2011), for geotechnical applications (Aiken et al. 2009), or
geo-conservation (Woods et al. 2007), whereas the application of LiDAR mapping tools to global stratigraphical
studies is in its infancy (Burnham et al. 2008, Kashouh
et al. 2009). Here, we introduce the Digital Integrated Stratigraphy Project (DISP) as an interface between global
stratigraphical studies for Earth history research and digital
exposure mapping technology using LiDAR, and describe
706

The Digital Integrated Stratigraphy Project lies at the intersection of a myriad of disciplines including palaeontology,
litho-, bio-, and sequence stratigraphy, geochemistry and
chemostratigraphy, structure and tectonics, geospatial and
satellite technology, laser-based surveying and scanning
technology, the internet, data-management and digital
workspace innovation, and practical curatorial and library
services. To be an effective web-based, open-access digital
resource for stratigraphy, protocols will have to be developed for the integration of such varied data-sets into the
DISP, and some of these details are discussed briefly below.
The initial objectives of the development of the DISP were
divided into two phases. Development Phase I includes the
initial field acquisition and georeferencing of a few stratigraphical sections that are historically important to Palaeozoic Earth history research, as well as post-processing of
the data for material demonstration of proof-of-concept
(see below). Development Phase II will include development of the web-portal and user interface, as well as addressing long-term data management solutions.

Development Phase I: field acquisition
and post-processing
Originally proposed as part of the International Geoscience Programme (IGCP) Project 591 – The Early to Middle Paleozoic Revolution, the Digital Integrated Stratigraphy Project was launched with an initial focus on early
to middle Palaeozoic chronostratigraphy. To this end, the
initial field acquisition of data took place during July 2011
when eight Silurian exposures were scanned and georeferenced prior to the Silurian Subcommission / IGCP 591
meeting in Ludlow, England. Four sections in Wales, including the base Aeronian and base Telychian GSSPs,
and four sections in England, including the base Gorstian
(base Ludlow) and base Ludfordian GSSPs, were chosen to
begin Development Phase I of the DISP. Here, we have selected the base Telychian GSSP, in Cefn-Cerig Quarry
(Fig. 1), to present as a material demonstration of digital
stratigraphy.

Axel Munnecke et al.  The Digital Integrated Stratigraphy Project (DISP)

Cefn-Cerig Quarry
The Global Boundary Stratotype Section and Point (GSSP)
‘golden spike’ for the base of the Telychian Stage was placed in the Cefn-Cerig Quarry (U.K. Ordnance Survey Grid
Co-ordinates SN 7743 3232), within bedded siliciclastics
(muddy siltstones to sandstones) of the Wormwood Formation (Cocks et al. 1984). A level was chosen within a
29 cm-thick bed below, which was a ‘rottenstone’ horizon
that contained the Last Appearance Datum (LAD) of two
key Aeronian brachiopod taxa, Stricklandia lens progressa
and Eocelia intermedia (Cocks et al. 1984). Detailed remapping and new biostratigraphical data from the nearby
Cefn-Cerig road section (including locality 163 of Cocks et
al. 1984), have shown that the uppermost part of the Wormwood Formation in the nearby roadcut section (Fig. 2),
above the uppermost strata in Cefn-Cerig Quarry, was
truncated by a major intra-Silurian slide complex (Davies
et al. 2010, 2011). The reader should consult Cocks et al.
(1984) and Davies et al. (2010, 2011) for complete details
of both the Cefn-Cerig Quarry and road sections.

Field acquisition of data and georeferencing
The LiDAR data was collected using a Riegl LPM-i800HA
terrestrial laser scanner operated by Panasonic Toughbook running RiProfile software. The scanner has an
800 m range with accuracy of ±15 mm and typically measures 1000 points per second using a near-infrared eyesafe laser (Laser Class 1). Each laser return defines a point
on the rock face and the swath of points collected as the
scanner rotates through a user-defined window yields a
‘point cloud’ which is the raw data consisting of several
million points, each with an x, y, z value and intensity value. A 12 megapixel coaxial camera with 85 mm lens is
mounted on the scanner enabling the scanned object to
be photographed. The colour value (RGB) is extracted
from the images and superimposed on each point to produce a ‘colour point cloud’. The photos can also be used
to texture triangulated models to generate 3D photorealistic models.
The locations of the scans were recorded using differential GPS: we used a Leica Geosystems Viva CS15 controller with a Global Navigation Satellite Systems (GNSS)
GS15 receiver. The dGPS unit receives Network RTK corrections from the SmartNet UK through an inbuilt GPRS
(internet) mobile phone device. This dGPS configuration
enables rapid positioning of the tripods to provide 3D accuracy down to 10 mm, which minimizes time-consuming
post-processing of dGPS data. The dGPS calculated position of each laser scan position is used in the processing
stage to merge and register multiple scans and to perform
referencing of the point cloud, to British National Grid pro-

Figure 2. Locality map of Cefn-Cerig (Fron) Quarry and roadcut. Numbers refer to localities of Cocks et al. (1984). Original figure from Cocks
et al. (1984) modified from Davies et al. (2011).

jection, allowing integration of the exposure model with
other locally referenced data.
The scanning workflow involved setting up a pair of
tripods along the length of the exposure. Light vegetation
(moss, grass) covering the rock surface was cleared prior
to the scanning. The scanner was set up on the first tripod
and levelled, and the dGPS set up and set to log on the second tripod. Reflectors were placed on the surface to provide additional reference points common to both scans to
assist draping of additional photographs to fill data gaps.
At each tripod location a low-resolution wide-angled
scan was first acquired to capture the general topography
of the site, followed by a high resolution scan to capture
detail of the GSSP. It was important that scans were acquired from two optimally spaced survey locations to ensure that the laser would have sufficient line-of-sight to
characterize undulations on the rock surface. When the
first scan was complete a reflector was mounted on the
second tripod and fine-scanned to provide a known reference or ‘tie’ point and photographs were acquired. The
laser scanner was then swapped onto the second tripod
and the GPS swapped to the first tripod and the work
flow repeated.

Post-processing of data
The University of Texas at Dallas (UTD) Cybermapping
Laboratory has developed photorealistic 3D exposure modelling using surface modelling of 3D point clouds captured by Terrestrial Laser Scanners (Xu et al. 2000). The 3D
point clouds are fitted with triangulated meshes upon
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Figure 3. Work flow diagram for developing 3D photorealistic models.

which are draped digital photos, integrated and geo-referenced by accurate carrier phase satellite positioning, so
that the surfaces and pixels of the imagery are located accurately and globally. As a result, each pixel (in RGB) now
has spatial information – location (x, y and z), intensity and,
unlike the raw LiDAR data, colour as well.
The work flow and general procedure for three-dimensional (3D) photorealistic mapping with laser scanners de708

veloped at the UTD Cybermapping laboratory were utilized for this investigation (Fig. 3). The exposure is
scanned and global positioning system control is established. In the postprocessing of the data, the point cloud is
edited, and then a triangulated mesh is created (and edited).
Four common points are picked on both the model and the
photos. Transformations relate the model to global coordinates and then the photo pixels are also transformed onto
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Figure 4. Summary diagram showing procedures for developing 3D photorealistic models (taken from Alfarhan et al. 2008).

the model to map (not draped), resulting in a 3D photorealistic model (from Alfarhan et al. 2008). A summarized
version of the workflow for generating 3D photorealistic
models of stratigraphical sections is shown in Fig. 4. In this
case we applied GHVM GEOCONSTRUCTOR software
that facilitates the processing by taking into account the
many photographs taken by the attached coaxial camera
(White et al. 2011).
Using these methods, a model of the Cefn-Cerig Quarry
was built (Fig. 5A, B, Supplementary Online Material –
www.geology.cz/bulletin) with scans from sites 10 m apart
and 16 m from the exposure (Table 1). The merged point
cloud has 568,000 points and 151 photos were taken with the
coaxial camera, finally using 26 photos in the model. The resulting model retains a realistic and accurate model of the
actual exposure at a level determined by the equipment and
processing that was applied (such as those discussed by
Buckley et al. 2008). In the case presented here, the scanner
and camera combination did not have the highest accuracy
and resolution that could have been applied for this particular exposure using the latest generation of equipment, which
could be potentially at sub millimetre. The objective of this
work was not to demonstrate the highest resolution currently
achievable, but rather, to demonstrate material proof of concept for Development Phase I of the DISP.

The photo colour information captured by the camera
depends on the lighting at the time and the moisture content
of the materials (e.g. grey mudstones and limestones generally appear darker when wet), and shadows do not contain
useful colour information. So the colour of the model represents a possible “realistic” colouring after all the processing combining many photos taken over a period of time and
perhaps any subsequent Photoshop-type massaging of the
photos. The models can be viewed and interpreted on different software and hardware platforms (Xu et al. 2000,
McCaffrey et al. 2005, Thurmond et al. 2005, Enge et al.
2007, Alfarhan et al. 2008, White et al. 2009, Olariu et al.
2010, Pringle et al. 2010). A 3D-pdf of the Cefn-Cerig
Quarry is available as an online supplementary data file.
This version of the model does not display the detail available in the original model due to the limitations of the
3D-pdf venue but is meant to provide an easily accessible
sample of the 3D model for material demonstration of
Table 1. GPS Locations (in British National Grid) of the two scan sites,
Base Telychian GSSP (Cefn Cerig Quarry).
Scanner
Height
Position ID (m)

X

Y

Z

3D CQ
Accuracy (m)

SP1

1.82

77426.090

232342.415 181.540

0.061

SP2

1.0652 77433.819

232335.830 180.156

0.023
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Figure 5. 3D Photorealistic Model (A, B) and photograph of the Cefn-Cerrig Quarry, GSSP for the base of the Telychian Stage. Red square in Panel A
represents area shown in Panel B. Both are screen captures of the 3D pdf available as a supplementary online data file. The red line marks the GSSP
‘golden spike’. The red arrow marks the position of the ‘rottenstone’ horizon containing the LAD of Stricklandia lens progressa and Eocelia intermedia.
When viewing the 3D pdf, click to begin, left click to rotate, hold down both buttons to slide without rotation, right click and select ‘full screen multimedia’ for a full screen version. The vegetation is not defined in the triangulated mesh of the model because it is considered to be noise, so points capturing
vegetation are extracted from the original point cloud, so that when the surface model, the triangulated mesh, is made, the vegetation appears as a green
colour on the rock. The latest generation of scanners can produce significantly finer resolution than is depicted in the 3D pdf.

proof-of-concept. When this model is examined closely a
patchwork of pieces of photographs can be seen because
the GHVM GEOCONSTRUCTOR software that was used
finds the pixels of the particular photo that are most perpendicular to the mesh triangular facets which then minimizes any smearing of the the pixels trying to fit a triangular facet, which results from using pixels from a less than
optimized angle. A judicious use of Photoshop-type processing homogenizing the photos tones and hues can eliminate that appearance.

Development Phase II: user interface
and data management
For the Digital Integrated Stratigraphy Project to be an effective web-based open-access digital resource for stratigraphy,
710

Development Phase II represents the critical next step. Once
exposures are scanned, it will be necessary to enable
end-users to access the captured exposures and log their sample positions and/or other notes directly onto the digital model
while in the field. It is also critical that this information can
then be uploaded back to the DISP website as a permanent repository of information available for future comparison. Currently in the initial design stage, Development Phase II has
only just begun and a few initial notes are included below.

Web-portal and user interface
The entrance to the web-portal for the DISP will have two
different paths into the system: one for scanner/developers,
and the other for stratigraphical users. As no single group
of researchers will be able to scan all of the sections that
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users may wish to have available, it is necessary that the
DISP be able to accept captured exposures from a variety
of TLS platforms and scanning parties. Therefore, appropriate protocols will be required to set standards for resolution and geo-referencing of captured exposures. Once a
geo-referenced 3D photorealistic model of a captured exposure is uploaded and approved, it will then be made available to the stratigraphical user half of the DISP program.
The stratigraphical user will have the option of logging
on to the DISP website directly from the field to access
captured exposures, or of downloading a given exposure
before leaving for the field (to allow for lack of internet
coverage at the field locality). Using the technology demonstrated at http://www.utdallas.edu/igeology, the stratigraphical user interface will allow a series of information
to be stored as separate files directly on the model. This information can then be uploaded back to the DISP website.
For example, the user could upload a file containing sample positions, another file containing lithostratigraphical
measurements and locations of lithostratigraphical boundaries determined by the user at the time of sampling, and
another file with notes written directly on the exposure.
Once uploaded back to the DISP website, the user could
then wait to ‘publish’ their information as each file could
be made available to other DISP users at a time chosen by
the original stratigraphical user. Once the uploaded files
have been made available to other users through the DISP
system, anyone can then search for information from that
exposure, and a series of files will show up as being attached to that exposure. The user could then choose their
desired information to overlay against the model for future
stratigraphical comparison.

Long-term data management solutions
The long-term utility of the Digital Integrated Stratigraphy
Project will rest on our ability to find a permanent home
and host for the online system. For the immediate future,
demonstrations of the DISP will be housed at the IGCP 591
website (www.igcp591.org), however, a long-term data
management solution is essential to the success of the project. It is in this capacity that the digital revolution intersects with practical curatorial and library sciences, and this
component of the project is equally critical to its success.
Further information and updates about Development Phase
II will be posted at the DISP link on the IGCP 591 website
as they become available.

Conclusions
The Digital Integrated Stratigraphy Project (DISP) is a tool
to integrate virtually any type of geological/stratigraphical

data into a visual, digital, cross-referenced system built
upon 3D photorealistic models of exposures captured with
Terrestrial Laser Scanning (TLS). The DISP will allow researchers to log their sample position and/or any other field
notes directly onto the 3D model of the exposure, thereby
providing unambiguous reference for future comparison.
Presented as partial fulfillment of Development Phase I:
Field Acquisition and Post-Processing; we have shown the
processes required to produce a 3D photorealistic model of
an exposure. The 3D pdf of the Cefn-Cerig Quarry (Supplementary Online Material) demonstrates the template
upon which a stratigraphical user would begin logging
their sample positions and field notes. The next step in the
development of the DISP is to create the web-portal and
user interface before finally securing a permanent home
and host for the next generation of Digital Integrated Stratigraphy.
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