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Table S1: Inventory of hydration landforms with basic morphometric parameters
and GPS locations.

Figure S1: Applied photogrammetric method — equipment, course of work and results.
Figure S2: Hydration landforms on the orthophotomaps and digital surface models.

Figure S3: Location of hydration landforms on the basemap of satellite image with
characteristic of their sizes.

Figure S4: Location of hydration landforms with measured thickness of the detached layer
on the basemap of satellite image.

Figure S5: Frequency distribution diagrams of morphometric parameters characterising
hydration landforms.

Figure S6: Dependence of relative height of hydration landforms on length, width, bulge
degree and coefficient of circularity.

Figure S7: Pattern of fractures within hydration forms.
Figure S8: Traces of fractures and rock layers on the orthophotomaps of the quarry bottom.

Figure S9: Exemplary hydration landforms influenced by structural types of bedrock.
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- thickness of elevated rock layer measured on photographs and in graphic program Corel Draw

-lack ofdata  [[] - hydration form documented by 3D or 2.5D model [_1- hydration form being part of 2.5D
model of the quarry

i

- domed hydration form [ - tepee-shaped hydration form
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Figure S1

Applied photogrammetric method — equipment, course of work and results.

Documentation of the Dingwall quarry bottom was made using aerial and terrestrial photogrammetry during two expeditions: September 10-
26th, 2018 and August 15-29th, 2019. Three photographic devices were used in the field: the UAV (model: DJI Phantom 4 Advanced) and two
models of cameras (fig. IB-D; Ill). In addition, a GPS receiver that supports RTK corrections (Real Time Kinematic) was used, for measuring
control and checking points with an accuracy of approx. 1-2 cm (using the NAD_1983_MTM_4 coordinate system). Also, three sizes of portable
boards made of PVC material were used to mark the checkpoints on the surface characterized by three sizes: 1) 42x45.5 cm (fig. IA) 2)14x42
cm; 3) 10x61 cm printed with a unique graphic symbol generated in the Photoscan program. Also on the surface of the quarry bottom, in the case
of selected fields, points were spray-painted to check the accuracy of the model fit to the coordinate system.

Fig. I. The selected equipment for the photogrammetry method applied at Dingwall; A — largest portable PCV board 42x45.5 cm used as a control point; B —
Unmanned Aerial Vehicle DJI Phantom 4 Advanced; C — Nikon D7100; D — Olympus E-PL6 Lite.

The UAV flight over the quarry was made with the approval of the Canadian Ministry of Transport. Seven areas were documented within three
fields of the quarry (fig. Il). Five areas were documented in 2018, two areas in 2019. Before the flight, boards serving as checkpoints (both in
2018 and 2019) and checking points (in 2019) were placed on the surface. The UAV flights for photogrammetric documentation were made ata
height of 25 m above the ground. The adjacent photographs were taken with an overlappe of 60-80%. During flight a pilot adjusted the height of
25 m precisely to the topography of the terrain. The flight procedure was performed using the DJI application installed on the mobile device.
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Fig. Il. The topographic map of the quarry with
marked parts with aerial photogrammetric docu-
mentation and hydration forms with terrestrial
photogrammetric documentation.

Terrestrial photogrammetric documentation was made for 25 hydration forms in the form of 22 models (3 models include 2 adjacent forms; fig. Il).
Two selected hydration forms (form no. 1 and no. 6) were documented twice by making their models in 2018 and 2019. The cameras used: Nikon
D7100 and Olympus PEN Lite E-PL 6 made it possible to photograph objects in the form of a RAW file, enabling further processing of
photographs in a graphic program RawTherapee. The photographs were taken from three different heights located along the lines around the
object and inside the cavity. The overlapping of individual shots was preserved in the range of approx. 60-80%. The photographs that needed
correction were imported into RawTherapee, where a manual shadow adjustment, exposure correction, and brightening were initiated.

Photographs together with the collected control and checking points and GPS points became the basis for further work in the Photoscan
photogrammetry program, based on the Structure from Motion tool (short: SfM), creating an object in 3D on the basis of overlapping
photographs (Westoby et al. 2012). The program uses metadata stored in a JPEG image in the form of EXIF (Exchangeable Image File Format)
containing information about the camera model, camera settings, shutter speed and focal length (Snavely 2008). SfM uses the Bundle
Adjustment algorithm in the object modeling process, enabling the location of the photograph and generation of the geometry of the objectin 3D
space (Snavely 2008; Triggs et al. 2000).

The methodology of documentary photogrammetric works was described in the previous work of the authors (Jarzyna et al. 2020b) as well as in
the instructions for the used program (AgiSoft 2016).
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The photogrammetric works resulted in twenty six 3D models of hydration forms covering 0.23 ha and eight 2.5D models of fragments of the
quarry area covering 27.55 ha. On the basis of each of them, orthophotomaps and DSMs were created separately with the parameters listed in
the table (fig. IV). The average size of the DSM field pixel is 2.54 mm/px for 3D models of hydration forms and 33.60 mm/px for 2.5D models of the
quarry bottom. The orthophotomap is characterized by the size of the field pixel at the average value of 0.623 mm/px for 3D models and 2.5D
models. The data with above mentioned good quality of image resolution are the basis for further work in the ArcGIS program.
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Amount of Ground dASg:IOFES seftwarg ArcGIS, Agisoft Viewer, Corel Graphic X9, X7, RawTherapee 5.4
A g laboratory .
Control Points Adobe Reader, Microsoft Excel
ok A1, 3-11; works
(minimum - 6 5
maximum; Fig. Ill. Information about equipment and software used in photogrammetric method.
average value)
Root Square Mean
Error for Check 2.547 - 2:515 -
Points (minimum - 13.487, 1.231;
maximum; average 6.64 2.08
value) [cm]
Amount of Check
Points (minimum - 11 .-:22; 5-13;
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Fig. IV. Performance data obtained thanks to the

photogrammetry method.
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Figure S2

Hydration landforms on the orthophotomap and digital surface models with their extent, documentary
number, azimuth of the elongation, entrance to the cavity, the heighest and the lowest elevation points and
direction of maximum lateral expansion (the north direction in legend concerns all the maps).

Legend

III extent of the hydration form and \ V'\ direction of maximum lateral _4)184 the highest and the lowest N
its number expansion point within hydration form*

Az\‘ azimuth of the elongation B entrance to the cavity orcave _— entrance line to the cavity

* - for selected forms documented with the model 3D or 2.5D (terrestrial photogrammetry) elevation points [m a.s.l.] were determined on
the basis of these models
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Figure S3

Location of hydration landforms on the basemap of satellite image (source: ArcGIS program)
with characteristic of their sizes.

editim height forms (1,00 m. <
“low forms (0.00 m < h, < 1.00 m)
& unspecified height




Supplementary material to the paper: Jarzyna A., Babel M., tugowski D., Vladi F. 2022. Morphology of dome- and tepee-like landforms
generated by expansive hydration of weathering anhydrite: a case study at Dingwall, Nova Scotia, Canada. In: Geomorphology in the
Digital Era. A. Muzirafuti, G. Randazzo, S. Lanza (Eds.), Special Issue of Applied Sciences.

)
v




Supplementary material to the paper: Jarzyna A., Bgbel M., tugowski D., Vladi F. 2022. Morphology of dome- and tepee-like landforms
generated by expansive hydration of weathering anhydrite: a case study at Dingwall, Nova Scotia, Canada. In: Geomorphology in the
Digital Era. A. Muzirafuti, G. Randazzo, S. Lanza (Eds.), Special Issue of Applied Sciences.

Figure S4

Location of hydration landforms with measured thickness of the detached layer
on the basemap of satellite image (source: ArcGIS program).
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Figure S5
Frequency distribution diagrams of morphometric parameters characterising
hydration landforms, for intervals lef-closed and right-open.
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Figure S6

Dependence of relative height of hydration landforms on length, width, bulge degree and coefficient
of circularity, taking into account classification of forms according to relative height.
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Figure S7
Pattern of fractures within hydration forms, with identifying no. and surface density of fractures given

at the upper left (see Figure S3 for location of the forms); green circle marks place of the orthophotomap
presented on the right.
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Figure S8

Traces of fractures and rock layers on the orthophotomaps of the quarry bottom and their rose diagrams
(N — total number of fractures, L — total length of fractures, M — maximum length of a circle radius).

Legend
|:| extent of the quarry traces of gypsum-anhydrite layers — traces of fractures, mostly joint sets
|I| extent of the hydration form and its identifying number O rose diagram of layering @ rose diagram of fractures
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Figure S9

Exemplary hydration landforms influenced by structural types of bedrock.

Legend
|I| extent of the hydration form traces of gypsum-anhydrite _—— entrance to inner
and its identifying number layers cavity of hydration form

Form no. 3, bedrock with master joints
and layering
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Forms no. 1 and 2, bedrock with
layering and without master joints 5§

Form no. 60, bedrock without master
joints and without layering




