The geologic evolution of Imdr Regio: a possible active hot spot on Venus.  

I. López1, L. Martín1, A. Jiménez-Díaz1, P. D’Incecco2,,3 J. Filiberto4, and G. Di Achille2. 1Universidad Rey Juan Carlos (ivan.lopez@urjc.es), 2 National Institute for Astrophysics (INAF) Astronomical Observatory of Abruzzo. 3Arctic Planetary Science Institute (APSI), Rovaniemi, Finland  4NASA Johnson Space Center, Houston, TX, USA.


Introduction.  

Imdr Regio is a large igneous rise that extends approximately from 35ºS-50ºS and 195ºE-225ºE between the plains of Helen, Nsomeka and Wawalag Planitiae (Figure 1). Imdr Regio was classified as a volcano-dominated igneous rise with a minimum-maximum diameter of 1200-1400 km and a swell height of 1.6 km [1]. The major volcanic feature in Imdr Regio is Idunn Mons (46.5ºS/214.5ºE), a large volcano [2]. Studies using the 1 mm (derived) surface emissivity from the Venus Express mission of the volcanic flows surrounding Idunn Mons suggest that high emissivity values in the volcano flanks are related to relatively unweathered basaltic rock and therefore indicative of a recent or even ongoing volcanic activity in Idunn Mons [3-6]. Building on this previous work, here we present the first preliminary geologic map of Imdr Regio, characterize the different types of volcanism besides Idunn Mons, and their relationship with the rift and other regional structures, and discuss its geologic evolution.[image: Map
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Figure 1. Location of Imdr Regio.


Data and methodology.  

Geologic mapping was carried out using full-resolution NASA Magellan S-band Synthetic Aperture Radar (SAR) imagery and altimetry data. The data coverage in the area included both right- and left-illumination full-resolution ‘‘F’’ (75–100 m/pixel) SAR images [7].
Mapping methodology builds on standard geological analysis detailed in [8-9], with cautions from [10-12]. Map units are defined according to cross-cutting relationships and textural appearance on radar images. This poses some limitations and therefore most of the units, especially those of large and regional extent may be composite and not stratigraphically coherent over their entire area.
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Figure 2. Geologic map of Imdr Regio.


Geologic mapping.

Preliminary geologic mapping reveals that different styles of volcanism are present across Imdr Regio and that the activity, though it seems to migrate to the NW with the formation of Olapa Chasma, takes place in all the hot spot throughout all time represented by in the area. To establish a relative temporal chronology, we have used as markers regional N-trending wrinkle ridges [13] and the fractures of Olapa Chasma. Caution with the use of wrinkle ridges as temporal markers must be taken as some wrinkle ridges present evidence of being reactivated structures. 
The southeast of Imdr Regio is dominated by Idunn Mons. The first stages on the evolution of this large volcano are characterized by the formation of a radial fracture system and contemporaneous large sheet flows [14]. These large sheet flows are locally difficult to distinguish from regional plains and are also deformed by regional N-trending wrinkle ridges, so contacts are mapped as approximate. This makes to determine the real extent of the materials extruded during the initial phase of the Imdr Regio mantle plume hard to constrain.
After this initial phase, multiple overlapping digitate flow units form the flanks and summit of the volcano, and contemporaneous NW-SE trending fractures and graben of Olapa Chasma begin to form [14]. These flows are responsible for the high 1 mm surface emissivity values observed in the area that suggest the presence of chemically unweathered volcanic deposits on the top and eastern flank of the large volcano [2,4]. 
The other large volcano of Imdr Regio is an unnamed volcano, located to the northwest and formed slightly off-rift, that also presents a system of radial fractures but lacks clear large sheet flows. Digitate flows on the flanks of this volcano are deformed by N-trending wrinkle ridges. Postdating this volcano, fracture-fed flows associated to structures of Olapa Chasma dominate the central and the northwest parts of Imdr Regio. Numerous pit chains are associated to fractures and graben, suggesting that transport of magma under the surface is important and is responsible of the fracture-fed flows in this area.
Other examples of volcanism in the area include the presence of embayed volcanoes without clear associated flows that predate flows from Idunn Mons and Olapa Chasma, and clusters of small volcanoes that are present in the peripheral areas of the rift and across all the area surrounding Imdr Regio [15].
The geologic history based on the mapping suggests that activity in Imdr Regio started with the emplacement of a mantle plume, which resulted in the formation of a radial dyke system and the emplacement of large sheet flows in Idunn Mons. This initial activity postdates the regional volcanic plains and materials associated to tectonovolcanic structures located in the periphery of Imdr Regio. After this initial stage, Olapa Chasma and its associate flows to the northwest formed contemporaneous with the continuous activity in Idunn Mons, probably fed by a stable magma chamber in the upper crust beneath the volcano. Other smaller central volcanoes formed in the area, but they are completely or partially embayed by Idunn and fracture-fed flows. Formation of shield fields and associated materials take place throughout the formation of Imdr Regio.
Future work will constrain the differences in volcanic style and the apparent migration of the activity to the northwest while activity continues at Idunn Mons. The hypotheses that are being tested include: variations in the structure of the crust where the mantle plume is emplaced, emplacement of multiple plumes, and plume channeling. 


References: 
[1] Stofan et al., 1995. J. Geophys. Res., 100, 23317-23327. [2] Smrekar et al. 2010. Science, 328, 605–608. [3] Crumpler et al., 1997. In Venus II- Geology, geophysics, atmosphere, and solar wind environment. The University of Arizona Press, 697-756. [4] D’Incecco et al. 2017. Planet. Space Sci., 136, 25-33. [5] D’Incecco et al. 2020. Earth Plant. Sci. Lett., 546, 116410. [6] Filiberto et al. 2020. Sci. Adv., 6, eaax7445. [7] Ford et al. 1993. JPL Publication 93-24. [8] Wilhelms (1990). In Planetary Mapping. Cambridge University Press, 208-260. [9] Tanaka et al. 1994. The Venus geologic mappers´ handbook. USGS Open File Report 94-438. [10] Hansen, 2000. Earth Plant. Sci. Lett. 176, 527-542. [11] Zimbelman, 2001. Geomorphology, 37, 179-199.  
[12] Skinner and Tanaka 2003. LPSC XXXIV, Abstract 2100. [13] Billoti and Suppe, 1999. Icarus, 139, 137-159. [14] López et al. 2022. J. Vol. Geotherm. Res. 421, 107428. [15] Lang et al. (2020) GSA Connects Online, Paper No. 106-3.


image1.tiff
11620

Meters

2931




image2.tif
Lo A WA N VAN

:

£ 3t
£ £ 3
g H
g3

1% :
F 5 LEiesss





