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IntrOd UCtlon . The latest Cretaceous (Maastrichtian) terrestrial formations from Transylvania are famous worldwide for their endemic vertebrate faunal assemblages which in-
clude dwarf dinosaurs, fishes, turtles, crocodilians, birds, multituberculate mammals etc. (GRIGORESCU, 2010; WEISHAMPEL et al., 2010). This geological and paleontological heritage
within the Hateg basin comprises the Hateg Country Dinosaurs Geopark which has been an established organization since 2004. Before the Geopark, several protected geological pre-
serves were already established such as the Sanpetru Valley or the Tustea Dinosaur Nesting Grounds. However, in spite of their status, during the last decade, the geomorphological
evolution of the latest Cretaceous terrestrial exposures has been rather unfortunate, due either to natural factors (e.g. rapid overgrowth by invasive plant species) or the exuberant growth
of algae which now permanently cover whole sections of the Raul Mare and Barbat River exposures. Also, misguided human interventions have taken their tole, as with the bulldozing
of the egg bearing horizon of the Tustea Nesting Grounds (DUMBRAVA & SOLOMON, 2012). Other areas exposing latest Cretaceous formations can be found elswhere in Transylvania;
in Hunedoara, Alba, Cluj and Salaj Districts (CODREA et al., 2010, 2012a). Many of these exposures follow the same degradational trend (in Salaj, the Somes-Odorhei locality, the build-
ing of a dam erased the red bed formations containing dinosaur bones; in Alba District, the pollution of the Sebes River has covered the outcrops with trash. In order to allow paleontolo-
gists access to these sites as they were in their nearly original condition, a 3D virtual database is being created at the Babes-Bolyai University in Cluj-Napoca.

ObjeCtlves: Monitoring will be aimed at all exposures of the latest Cretaceous terrestrial deposits from Tran-
sylvania. Apart from the Hateg Basin (bearing the “classical” — i.e. already documented outcrops such as: Valioara,
Densus, Ciula Mare, Tustea, Berthlot, Livezi, Totesti, Nalat-Vad, Sanpetru — Sibisel Valley, Pui; CSIKI et al., 2010),
much interest concerns the regions outside the Hateg basin. We intend to monitor the Rusca Montana Basin
(CODREA et al., 2012a), the southwestern part of the Transylvanian Basin, including the localities of Teleac, Ciugud,
Oarda de Jos, Lancram, Sebes, Petrestii de Jos, Vurpar, Sard (CODREA et al., 2010). In these localities, for each of
the outcrops of interest, 3D virtual maps will be made yearly over a decade to asess the rate/trend of degradation.

Settlng up a 3D database of the sites: The three dimensional scanning of paleonto-

logical sites represents a new approach of tremendous capability which can only be tackled in the virtual realm. For
3D virtual mapping, two different techniques can be wused. LIDAR (Light Detection And Ranging)
uses a laser rangefinder and simultaneously records the arrival of the reflections, recording data points in a user determined resolution.
The major advantage of this method is the small amount of time required for data collection. The point cloud data thus generated can
have surface accuracies on the order of a few decimeters and cover hundreds of square meters. The major disadvantage of the technol-
ogy is it's high cost which can reach into the tens of thousands of dollars for top of the line systems. LIDAR has been successfully imple-
mented for a number of years in North America for paleontological (BATES et al., 2006, 2008) and historical sites and in Egypt for map-
ping various tombs in the Valley of the Kings (http://www.thebanmappingproject.com/) as well as other archeological sites.
Photogrammetry is a 3D scanning technique used for generating 3D surface maps from referenced photographs of a selected area. The
perspective shift from one photograph to another is interpreted and interpolated by specialized software in order to generate a point
cloud used to render the surface. The great advantage of this technique is that it requires only a digital camera (the higher the quality the
better) and a PC, the software used being either freeware (http://ccwu.me/vsfm/) or of very low price (www.agisoft.com).
: — o -y Also, a large user base exists online, making troubleshooting much easier. The major disadvantage of this technique is the time required
Fig. 1 - The Maastrichtian localities in Alba District for data acquisition and its dependence on stable lighting conditions which could otherwise generate texture anomalies. This technique
chosen as test sites for 3D virtual mapping and con- _ T ) _
tinued monitoring. A. general location of the sites. B.  Nas already been used with much success (BATES et al., 2006; FALKINGHAM et al, 2014). For the Maastrichtian terrestrial formations
Oarda locality in Alba District. C. Sebes - Glod local- ~ from Transylvania, we intend in the following decade to use photogrammetry as monitoring tool for the establishment of a 3D virtual top-
ity in Alba District (modified from CODREA et al., ographical database of Important, endangered, and less easily accesible paleontological and geological sites.

ReCIUIrementS and workflow: an entry level DSLR camera equipped with the best objective lens you can afford and a graphics station or gamer configuration
PC. We used a Canon EOS 500D DSLR equipped with a 50mm Canon EFS 1.8 portrait lens on a Manfrotto 190VB tripod. The images were shot in uncompressed RAW format. The da-
taset was processed on a Lenovo Thinkpad W520 workstation laptop with 16 Gb RAM and an NVidia 2000M professional graphics card with 2Gb of RAM running Photoscan PRO 1.3.3.
Unnecesarry parts of the image such as vegetation and sky background were masked out using Photoscan’s magic wand tool. Photogrammetry as a technique is very computationally
intensive and is CPU based thus requiring large amounts of RAM and a multi core processor. Graphics capability is less important because the final model need not contain a large
number of polygons in order to achieve a realistic surface rendering. The results were saved as 3D pdf's with stratigraphical annotations in order to enhance the visual impact.
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Fig. 2 - 3D photogrammetry workflow. A. raw frame with inverted mask
showing the histogram of the area containing the site and riverbed reveal-
INg a correct exposure setting. B. same photograph in Photoscan Pro with
background hills and sky masked out. C. sparse point cloud generated in
Photoscan after image alignement showing the area of interest and esti-
mated camera locations. D. dense point cloud of the site. E. polygon mesh.

. Fig. 3 - 3D annotated pdf of the Sebes - Glod site in Alba district with 3D comments used to explain the
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