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Introduction: A current controversy in the geolo-

gy of Venus centers on the age(s) of its highlands – the 

tesserae. One view of Venus’ past is that it experienced 

a global resurfacing event at 700-800 Myr, now repre-

sented mostly by volcanic plains, and that the tesserae 

represent earlier crust deformed in that event [1,2]. It is 

also argued that the resurfacing represents multiple 

volcanic events over long times [3,4]. The ancient age 

of tesserae has recently come into question [5,6]. Some 

tesserae include distinct morphologic units that could 

represent deformed plains material [5,6]; in other cases 

it is possible that tesserae are forming today [7]. To 

address this question, we are mapping a tessera-plains 

transition around Gina Crater, near Venus’ north pole.  

Gina is a ~15 km diameter crater at 78.1°N, 76.3°E 

(Fig. 1), in the Snegurochka (V1) quadrangle [8]. Gina 

is on the western boundary of the Szél-anya Lineae 

belt (mapped mostly as tessera [8]), where it abuts a 

broad area of regional volcanic plains [9]. The area is 

complex, with evidence for multiple episodes of tec-

tonism and volcanism and was specifically chosen to 

help constrain the timing of deformation events rela-

tive to those of volcanic emplacement. 

 
Figure 1. Locations of mapped area. Gina Crater is at 

78.1°N, 76.3°E. 

Data: We used Magellan’s SAR left-look global 

mosaic (~75 m/pix) as the basemap. We acquired the 

image from the USGS Map-A-Planet 2 website [10]. 

ArcMap 10.6.1 was used for mapping, and JMARS 

was used for general visualizations. 

Methodology: Morphologic features are defined 

by shape, orientation, and SAR backscatter. Map units 

are defined based on differences in radar brightness, 

morphology, texture, and stratigraphic relations [11]. 

Units are generally defined based on the radar bright-

ness of emplaced material, but when material is ob-

scured by deformation, the unit is instead characterized 

by that deformation. Contacts are defined by embay-

ment relationships, radar brightness, deformation mor- 

phology, and the density of fractures. 

Mapped Units: Twenty-nine units have been iden-

tified among the geologic provinces: fold belt, tessera, 

volcanic, plains, and crater. The descriptions of 

mapped units are in approximate chronological order. 

Fold Belt: Northwest of Gina Crater and the re-

gional plains is a belt of SAR-bright discontinuous 

parallel ridges, trending NE/SW (Fig. 2A). The belt is 

embayed by regional plains units, cut by frac-

tures/faults of several orientations, and truncated by 

the Lineae/tessera. 

Lineae / Tessera: Szél-anya Lineae is a belt of 

heavily deformed rock on the east of the mapped area. 

Its dominant tectonic fabric is oriented N/S and is 

marked what appear to be rock layering, fractures, and 

faults. This fabric is crosscut by faults and fractures 

oriented ENE/WSW and SW/NE, which themselves 

are crosscut by lineations oriented NW/SE. With evi-

dence for multiple orientations of deformation, Szél-

anya Lineae can be classified as tessera terrain [8]. 

The Lineae/tessera materials include ten mapped 

units that are distinguished by their dominant defor-

mation fabrics and the intensity of those deformations. 

We characterize them into three groups: heavily de-

formed, volcanically embayed, and arcuate ridged.  

The heavily deformed group includes five units that 

are embayed on the east by regional plains material. 

These units show evidence for multiple compressional 

and extensional tectonic events. 

The volcanically embayed group includes three 

mapped units that fall in the center of the Line-

ae/tessera. These units are relatively smooth with small 

knobby patches, implying that the underlying material 

was subjected to tectonic deformation before subse-

quent volcanic embayment. They have a strong N/S 

deformation fabric and are cut by linear features trend-

ing NNE/SSW, ENE/WSW, and WNW/ESE..  

The arcuate ridged group includes two distinct 

units that are embayed on the west by regional plains 

material. These units have a sinuous N/S fabric and 

distinctive E/W gash-like features. 

Lineae / Tessera Volcanics: Volcanics constructs 

superpose all Lineae/tessera units. We distinguished 

five such units, based on volcanic morphology, degree 

of deformation, and type of deformation fabric. Small 

shield volcanos occur in clusters and some are random-

ly distributed. In most cases, fractures and faults do not 

extend into/across shield volcanos from the surround-

ing terrain. However, some shields (and their flows) 
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are cut by faults/fractures and obscure others (Fig. 

2D). Inferred flows without shield-like volcanic con-

structs are massive and have mottled SAR-

reflectances. Some are undisturbed, others are de-

formed and cut by fractures. 

Regional Plains: South of the fold belt and west of 

Szél-anya Lineae is an area of low-SAR-backscatter 

plains. We recognize eight units in these plains, distin-

guished by radar backscatter (i.e., roughness) and sur-

face deformation features (Fig. 2C). Six units have low 

radar backscatter and range in level of deformation: 

undeformed, very-fine scale disconnected fractures, 

connected polygonal fractures, and large wrinkle 

ridges. Two units have greater radar backscatter. They 

are relatively smooth and deformed by short and long, 

sinuous wrinkle ridges and lineaments. Shield volcanos 

occur on all regional plains units. They are recognized 

as domes or mounds and are of intermediate radar 

backscatter. Many have depressions at their summits, 

and some show lobate extensions like lava flows. 

Gina Crater: The Gina impact crater is at the bor-

der of the Szél-anya Lineae/tessera and regional plains 

to the west (Fig. 2B). The crater is shorter E/W than 

N/S, perpendicular to the dominant fabric of Line-

ae/tessera. Ridges on Gina’s floor are parallel to the 

Szél-anya Lineae fabric, and a few its structures appear 

to cut Gina’s rim. Ejecta from Gina impinges on re-

gional plains units to its west; ejecta lobes to the east 

(onto Szél-anya Lineae) are indistinct. 

Discussion: The Gina area is complex, with evi-

dence of many episodes of eruption and deformation. 

The oldest feature in the area is the fold belt. It is em-

bayed by, and thus older than, the basaltic plains. It is 

also truncated by, and thus older than, the Line-

ae/tessera. The tessera record at least three distinct 

deformation fabrics: NE/SW fractures, NW/SE frac-

tures, and N/S trending structures (the orientation of 

Szél-anya Lineae) consistent with being thrust fault 

traces. The plains, presumed to be basaltic flood lavas, 

have been deformed in multiple events. Gina Crater is 

on the boundary of the Szél-anya Lineae and plains 

units. It post-dates the emplacement of the plains and 

pre-dates some E/W compression of the tessera/Lineae. 

The history of the plains and tessera are difficult to 

link but have their interaction with Gina in common. 

While Gina post-dates emplacement of plains units, it 

appears to have been emplaced into tessera material 

and is deformed as was the tessera. Volcanic constructs 

in the tessera exhibit a range of levels of deformation:  

undeformed to crosscut by fractures and faults of sev-

eral orientations. This suggests episodic volcanism 

continued during ongoing deformation of the tessera. 

This complex history of volcanic, tectonic, and impact 

events is consistent with the hypothesis that Venus has 

been recently tectonically active. This interpretation is 

specific to the Gina Crater area and may not be appli-

cable to all tesserae. 

 
Figure 2. (A) Fold belt embayed by plains and trun-

cated by Lineae/tessera materials. Mercator Projection 

centered at Gina. North is up. Colored boxes show 

locations of panels B-C. (B) Deformed Gina Crater 

with Lineae/tessera. Arrows indicate tectonic fabric 

trending N/S. (C) Adjacent plains units with different 

radar backscatter and fracture densities. (D) Shields 1-

5 (ordered least to most deformed) cut by faults / frac-

tures with N/S and NE/SW orientations. 
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