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ABSTRACT

We present a 1:5,000,000 geological map of the Imdr Regio area of Venus. Geological mapping
was conducted using synthetic aperture radar (SAR) images, altimetry and stereo-derived
topography data from NASA’s Magellan mission. The map covers an area of approximately
7.9% 106 km2 and exhibits a variety of tectonic structures and units of volcanic origin
related to the evolution of Imdr Regio and surrounding plains. We have differentiated
primary structures related to the emplacement of the different units from tectonic structures
that deform them. These structures are also organized between those that are regional in
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extent and those that are related to the evolution of local large tectono-volcanic structures.
The units in the map area represent different geologic processes (e.g. volcanism) that took
place during the evolution of the large topographic rise. Geologic mapping illustrates a
complex evolution with different styles of deformation and volcanism in this part of the planet.

1. Introduction

The NASA’s Magellan mission obtained a near-global
coverage with synthetic aperture radar (SAR) images
of the surface of Venus between 1990 and 1994, revo-
lutionizing the knowledge of our sister terrestrial pla-
net. Data returned from the Magellan spacecraft have
revealed that the surface of Venus is dominated by
volcanism (e.g. Head et al,, 1992) and is also charac-
terized by an extensive tectonic activity (e.g. Solomon
et al., 1992), yet the distribution of volcanism and tec-
tonic activity suggests there is not a current system of
moving plates such as those operating on Earth (Phil-
lips & Hansen, 1994; Solomon et al., 1992). Vital to
understand the geodynamic evolution of Venus and
the current geologic state of the planet is the study
of Large Topographic Rises (LTR), geological pro-
vinces on Venus thought to be formed in response
to the presence of a mantle plume or mantle upwel-
ling (Smrekar et al., 1997; Stofan et al., 1995), and
therefore may be comparable to hot spot locations
and intraplate volcanism on Earth. They are sites
where the existence of recent or even active volcan-
ism on Venus has been proposed (e.g. Herrick &
Hensley, 2023; Smrekar et al., 2010), a situation that
makes these areas strategic targets for future missions
(D’Incecco et al., 2021).

The first step to study the geology and evolution of
LTR is to constrain the structures, materials and pro-
cesses that have given shape to its surface, for which
the elaboration of geologic maps has proven to be a fun-
damental tool. Geologic mapping at a regional scale
allows synthesis of the current knowledge of a studied
area, and to identify existing problems to be studied
with upcoming missions and their associated datasets.

In this work, we present the first geologic map of
Imdr Regio, one of the Venus’s LTR, and its surround-
ing areas (Main Map in Supplementary materials).
The Imdr Regio Map Area (IRMA) extends between
35°S-50°S in latitude and 195°E-225°E in longitude
and covers Imdr Regio and areas that belong to the
surrounding plains of Helen, Nsomeka and Wawalag
Planitiae (Figures 1 and 2). Imdr Regio was classified
as a volcano-dominated igneous rise with a mini-
mum-maximum diameter of 1200-1400 km and a
swell height of 1.6 km (Stofan et al., 1995). According
to geophysical data and the apparently limited
amounts of volcanism, Imdr Regio is thought to be a
young topographic rise (Stofan et al., 1995), an idea
later reinforced by the discovery of possible recent
or even active volcanism in Idunn Mons (D’Incecco
et al,, 2017; Smrekar et al, 2010), a large volcano
that dominates the southeast of the large igneous rise.

CONTACT Ivan Lépez @ ivan.lopez@urjc.es @ Tecvolrisk Research Group, Departamento de Biologia, Geologia, Fisica y Quimica Inorgénica, Universidad

Rey Juan Carlos, 28933. Méstoles, Madrid, Spain

@ Supplemental map for this article is available online at https://doi.org/10.1080/17445647.2023.2253832.
© 2023 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group on behalf of Journal of Maps

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been
published allow the posting of the Accepted Manuscript in a repository by the author(s) or with their consent.


http://crossmark.crossref.org/dialog/?doi=10.1080/17445647.2023.2253832&domain=pdf&date_stamp=2023-09-06
http://creativecommons.org/licenses/by-nc/4.0/
mailto:ivan.lopez@urjc.es
https://doi.org/10.1080/17445647.2023.2253832
http://www.tandfonline.com/loi/tjom20
http://www.tandfonline.com

2 I. LOPEZ ET AL.

195°E

55°S
195°E

215°E 225°E

Figure 1. Base map used for the mapping of Imdr Regio. The boxes indicate the location of the examples presented in Figures 3
and 4. Left-looking Magellan SAR mosaic of the map area in Mercator projection.

2. Methods
2.1. Datasets

The high-resolution geologic and tectonic mapping of
the Imdr Regio Map Area was carried out using full-
resolution NASA Magellan S-band Synthetic Aperture

Radar (SAR) imagery with a wavelength of A =12 cm
and a frequency of 2.4 GHz and altimetry data. The
map area include coverage in both right- and left-illu-
mination full-resolution ‘F’ (75-100 m/pixel) SAR
images, Magellan altimetry (8 km along-track by
20 km across-track footprint with 30-m average
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Low”

Figure 2. Altimetry of the map area. Contour interval is 250 m. Elevations are referred to the Mean Planetary Radius (6051.84 km).
Coordinates, scale, and projection are the same that in Figure 1. Magellan Global Topographic Data Record (GTDR) 4641 m v2.
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vertical accuracy which improves to 10 m in smooth
areas, Ford et al., 1993) and the rest of available Magel-
lan ancillary data (e.g. Emissivity). All Magellan data
were downloaded from the USGS Map-a-Planet web-
site (https://www.mapaplanet.org) in a GIS-ready for-
mat for its visualization and analysis. The map and all
the data used for mapping is in Mercator projection,
better suited to determine direction and structural
trends.

2.2. Mapping methodology

The construction of a geologic map is a first step in
establishing the geologic history of a region, which
in turn provides important information to understand
the different processes that may have contributed to
the geodynamic evolution of the planet. The method-
ology that we have used for the definition of geological
units and structures is based on standard geological
analysis detailed in Wilhelms (1990), and Tanaka
et al. (1994) with cautions of Hansen (2000), Zimbel-
man (2001), Skinner and Tanaka (2003), and McGill
and Campbell (2004).

Characteristics of Magellan SAR-data used for geo-
logic mapping and the basics for its interpretation are
explored in detail in Ford et al. (1993). The nature of
SAR data makes it more straightforward to map linea-
ments than material units, given their signature as
radar reflectors. Lineaments (individual features or
families/suites) represent specific geomorphic features
(e.g. troughs, ridges) that are going to be interpreted as
geologic structures (e.g. fractures, folds, graben, and
channels). These geologic structures include primary
structures (e.g. those related to the formation or
emplacement of the units like volcanic channels or
lava flow fronts) and secondary structures (tectonic
structures that deform the materials).

After the mapping of tectonic structures, we then
proceed to identify different units present in the
map area. Primary structures and surface textures,
together with radar brightness help to define map
units (e.g. mottled, smooth, digitate, and lobate;
Ford et al., 1993). However, robust characterization
of these surfaces as geologic units, as opposed to geo-
morphic units, can prove challenging (Brossier et al.,
2021; Mouginis-Mark, 2016). This is a result of SAR
data being sensitive to surface roughness at the scale
of radar wavelength (12.8 cm); rougher surfaces
appear bright, smoother surfaces appear dark. It is
important to note that such variations are textural
and a direct correlation with material type cannot be
assumed. This is very important in volcanic settings
as materials of similar composition can display differ-
ent backscatter due to differences in texture of the
flows, for example in response to variation of the
effusion rate or topography (e.g. pahoehoe vs a’a
flows in basaltic materials; Campbell & Rogers, 1994;

Rowland & Walker, 1990). In the same way materials
of different composition could present similar texture
and backscatter values. Another factor to consider is
that volcanic materials emplaced on the surface of
Venus are the subject of weathering processes that
could lead to homogenization on the radar signature
that will make difficult to determine surface texture
and map to contacts between older materials of similar
composition and origin (Arvidson et al., 1992).

Criteria used to distinguish geological units (as
opposed to radar units) include the presence of
sharp, continuous contacts; truncation of, or inter-
action with, secondary structures and topography;
and presence of primary structures (e.g. flow channels
or edifice topography) that allow a reasonable geologi-
cal interpretation. Some units do not comply to these
constraints, limiting their use in the determination of
stratigraphic sequences. These units are defined as
composite, as they might not be stratigraphically
coherent over their entire represented area, and/or
they may have been emplaced time transgressively in
relation to other units and/or secondary structures.

Older materials like tesserae are pervasively
deformed, making it difficult to characterize the orig-
inal materials. For these units we use the moniker ‘ter-
rain’, and they are defined by a texture that could
imply a shared history.

Mapping of unit contacts is based in limited obser-
vable characteristics, so it is hard to follow the contacts
along mapped units and we differentiate between (a)
definite contacts when distinctive change in the
radar properties of the material is observable (i.e.
radar contact) and another characteristic can be used
for the definition of the unit: clear crosscut relation-
ships, presence of textured materials (e.g. polygonal
texture) or interaction with primary and secondary
structures; (b) approximate or uncertain contacts
when contacts are diffuse due to changes in direction
of the contact or homogenization processes; (c) grada-
tional contacts for the mapping of shield-related
point-sourced deposits.

Time is an important element in geologic maps, but
in the case of Venus a problem in the establishment of
temporal relations in regional maps results from the
absence of reliable time markers, or marker units. Cor-
relation of map units in planetary maps is typically
based on surface impact crater statistics (Schaber
et al.,, 1992). Although this method has some utility
for planetary bodies with old surfaces and high crater
densities (for example, Moon and Mars), many pro-
blems arise on Venus due to crater population charac-
teristics (e.g. Campbell, 1999; Hauck et al, 1998;
Izemberg et al., 1994; McKinnon et al.,, 1997). Funda-
mentally, Venus’ impact craters cannot place any con-
straints on the age of surface units that cover such
small areas as those within the IRMA (e.g. Campbell,
1999; Hauck et al, 1998). This makes the
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establishment of relative temporal relationship just
possible for those units that are in direct contact or
with structures that served as local temporal makers.
These temporal constraints are only locally applicable
and cannot be robustly extended across the map area,
moreover when most of the units are composite in
nature. We therefore establish a Sequence of Map
Units (SOMU) for the map area that is going to
express all the uncertainties that exist regarding tem-
poral relationships, and where temporal relationships
between materials that are not in contact are expressed
as jagged to indicate the uncertainty (per USGS guide-
lines; Tanaka et al., 2010).

3. Results
3.1. Structures

The following primary and secondary structures have
been identified in the map area and interpretation
according to morphology and geologic context is
provided.

3.1.1. Primary structures

Channels. Channels represent sinuous to straight low-
backscatter features hundreds of kilometers long and a
few kilometers wide (Figure 3a); locally they lack
apparent topographic relief (Baker et al., 1992;
Komatsu et al, 1992). They are more common in
the regional plains or associated with large sheet
flows. Both the nature of the fluid/lava composition
and the formation process (constructive vs erosional)
are unknown (e.g. Bussey et al., 1995; Gregg & Greely,
1993; Jones & Pickering, 2003; Lang & Hansen, 2006;
Waltham et al., 2008; Williams-Jones et al., 1998).

Pit Chains. Pits or pit chains likely represent
regions marked by subsurface excavation and they
are interpreted to be the surface expression of dilata-
tional faults or dikes (Figure 3b), implying the trans-
port of magma under the surface (Bleamaster &
Hansen, 2001; Ferrill et al., 2004; Okubo & Martel,
1998; Schultz et al., 2004).

Flow fronts. Flow fronts in volcanic materials are
sometimes very clear in radar images and help to con-
strain the maximum extension of volcanic episodes in
the eruptive history of a volcanic feature (Figure 3c),
direction of the flows and sometimes even the textural
character of the material extruded (e.g. Byrnes &
Crown, 2002; Mouginis-Mark, 2016; Stofan et al,
2001). Flow fronts together with other primary volca-
nic structures as channels may constrain the direction
and extension of the lava flows, and sometimes help to
establish a relative chronology between different flow
subunits or flows from different units.

Small volcanoes. Small volcanic edifices (size
<20 km) are very numerous on the surface of Venus
(Figure 3d). Although small volcanic edifices display
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a broad spectrum of morphologies (e.g. cones,
domes, shields; Guest et al., 1992) they are termed gen-
erically as shields. Some shields are only discernible by
the presence of a pit meanwhile in other cases mounds
with a pit are observed. Shields are found isolated in
the plains although it is common the occurrence of
groups of edifices forming clusters or shield fields (col-
les), sometimes associated with large tectonomagmatic
features (e.g. coronae and large volcanic edifices).

Intermediate volcanoes. Volcanic edifices of inter-
mediate size (size > 20 km < 100 km) are also com-
mon on the surface of Venus (Figure 3e). There are
volcanic features particular of this size: steep-sided
or pancake domes and stellate domes (Crumpler
et al., 1997). Another characteristic commonly obser-
vable in edifices of these size and morphology is the
presence of lateral flank collapses and related deposits
(Figure 3f). Sometimes we can only observe the scarp
associated to the volcano flank collapse because the
associated deposits are covered by younger material
(Lopez, 2011).

Crater rims. Impact cratering is a process described
across the solar system. A crater is characterized, from
the morphological point of view, by a raised rim sur-
rounding a topographic low with sometimes a central
peak (Figure 3g). In craters, we map the rims as pri-
mary structures and the ejecta blanket, rough and
blocky material around the crater expelled by the
impact, as a map unit.

Surficial deposits. The northern half of the map area
is characterized by the presence of surficial deposits
like crater haloes associated to Isabella and Cohn cra-
ters. These materials are composed of fine dust that
covers the different units and structures but still allow-
ing their observation. The extent of the individual cra-
ter haloes is difficult to constrain as most of the
northern map area is affected by the presence of
these deposits. The presence of these surficial deposits
also makes difficult the determination of the contacts
between units that are covered by them. Locally
these surficial deposits are remobilized by wind
(Figure 3h), forming eolian features oriented to
west-southwest, coherent with direction of wind-
related crater features in the planet (Campbell et al.,
1992).

Hummocky terrains: Deposits associated with the
collapse of volcanic edifices, known as hummocky ter-
rains (e.g. Siebert, 1984) display bright appearance and
blocky texture in radar images (Figure 3f).

Contacts. We have determined three types of con-
tacts: (a) clear or definite contacts for those contacts
the present distinctive changes in the radar properties,
and/or another characteristic can be used for the
definition of the unit (e.g. interaction with secondary
structures); (b) approximate or uncertain contacts
when contacts are diffuse due to changes in direction
of the contact, homogenization and lack of other
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Figure 3. Examples of primary structures in the map area. (a) Channel in the sheet flows of Idunn Mons (arrows indicate the trace
of the channel); (b) Pit chains in Olapa Chasma (arrow indicate a chain of pits with associated volcanic materials flowing to the SE);
(c Flows fronts in Idunn Mons. The bright flows overlap indicating different effusive event in the volcano history; (d) small volca-
noes in the volcanic plains; (e) Zana Tholus, an intermediate volcano in Imdr Regio. The flanks of the volcano are embayed by flows
from near sources. The arrow indicated the presence of small debris avalanche of lava flow in the lower eastern flank; (f) Hum-
mocky terrain. This type of deposit indicates the presence of lateral flank collapse processes in volcanoes. The arrow marks the
scarps that mark the collapse structure deposit and the remains of the original edifice; (g) Sandel crater. Example of an impact
crater with a clear rim and central peak; (h) Surficial deposits. Dust produced by impacts in the volcanic plains. The arrows
mark the presence of wind streaks associated with small volcanoes. All the images are left-looking Magellan SAR images in normal
mode.



characteristics that could help to define the contact
and; (c) gradational contacts for the mapping of
shield-related point-sourced deposits.

3.1.2. Secondary structures

Contractional structures. Ridges and wrinkle ridges
(Figure 4a) are linear structures of positive relief inter-
preted as the surface expression of thrust faults and/or
folds (Schultz, 2000). Wrinkle ridges are long, narrow,
sinuous features with varying width that occur in par-
allel sets with constant spacing over great distances
(Banerdt et al., 1997). In the map area, almost all
units except for basement materials and the most
recent volcanic units are deformed by wrinkle ridges.
Locally, suites of wrinkle ridges seem to be formed
in response to late structural reactivation or inversion
(e.g. DeShon et al,, 2000). The principal trend in the
map area is the 180° trend, that together with the
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Helen Planitia trend dominate in this part of the planet
(Billoti & Suppe, 1999).

Extensional structures. Under the generic term frac-
tures, we consider linear structures of extensional ori-
gin. They could be simple fractures or troughs
interpreted as graben (Figure 4b), but sometimes
these structures are at the limit of the image resolution
and structures mapped as fractures could indeed be
troughs. Simple fractures are visible as just simple
radar-bright lineaments. In these structures, radar
brightness is not related to the orientation of the struc-
ture respecting the radar-look direction, as the linea-
ment is seen with the same characteristics both in
left-looking and right-looking images. This is consist-
ent with an open fracture, joint-like interpretation for
this type of structures (Banerdt et al., 1997). Troughs
are paired sets of lineaments interpreted in most of
the cases as graben.

Figure 4. Examples of secondary structures in the map area. (a) wrinkle ridges (b) Fractures and graben in Olapa Chasma. Black
arrows indicate the face of the graben oriented away from the radar illumination that generate a shadow. White arrows indicate
the face of the graben oriented toward the radar illumination that generate a bright surface; (c) Local concentric fractures in Boann
Corona; (d) Local radial fractures to Arasy Mons. All the images are left-looking Magellan SAR images in normal mode.
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We have mapped different families or suites of frac-
tures and graben based on their regional or local
nature. Regional fractures are those that extend across
the map area and that are interpreted of regional ori-
gin. Different families of regional fractures and graben
with different trends are found deforming regional
plains and basal plain materials. The most important
and widely distributed of these older regional fracture
suites is a NE-SW trending suite that is present in
different parts of the map area deforming materials
of the basement and the basal plain materials. In the
IRMA, NW-SE trending fractures and graben of
Olapa Chasma are the principal structural suite, cut-
ting the different materials formed throughout the
evolution of the large topographic rise. They are
locally associated to pit chains, situation that suggest
that some of these fractures and graben can be related
to the emplacement of underlying dikes.

We have also mapped different suites of local frac-
tures and graben associated to tectono-magmatic
structures as coronae, novae and large volcanoes.
These local suites of fractures can be concentric
(Figure 4c) or radial (Figure 4d) to the tectonomag-
matic feature and are result of local stress fields associ-
ated to their formation and evolution (Grindrod et al.,
2005; Stofan et al., 1992).

3.2. Map units

Tessera terrain, undivided (tu). Isolated outcrops of
high-backscatter and relatively high relief materials.
Extensively deformed by suites of local and regional
structures. Individual outcrops display different struc-
tural assemblages and deformational histories.

Lower plain materials, undivided (Ipmu). High- to
low-radar-backscatter volcanic materials, can include
shields (generally less than 5 km diameter). Composite
unit that marks a local older terrain embayed by
regional plains and volcanic materials. Extensively
deformed by regional wrinkle ridges, regional frac-
tures and suites of local radial and concentric struc-
tures related to the evolution of volcano-tectonic
structures.

Smooth plains, undivided (spu). Low-to-high back-
scatter material with smooth texture. Composite unit
that forms the regional plains. In some locations the
presence of mantling materials (crater haloes) makes
difficult to determine texture and backscatter. Intern-
ally discontinuous flow boundaries and volcanic pri-
mary structures that include channels and shields
(locally clustered) suggest a volcanic origin. Exten-
sively deformed by regional wrinkle ridges, regional
fractures and suites of local radial and concentric
structures related to the evolution of volcano-tectonic
structures. The composite nature of this unit precludes
its use as a marker unit across the map area and only
local temporal relations can be determined.

Textured plains, undivided (tpu). Low- to high
backscatter material with a reticulate/polygonal tex-
ture. This texture varies in the size of with polygons
that in some locations are in the limits of the image
resolution. Composite unit that can be part of the
regional plains but also of the early volcanic activity
in Imdr Regio. In some locations the presence of man-
tling materials (crater haloes) makes difficult to deter-
mine texture and backscatter and the contact with
surrounding materials. Internally heterogeneous, pri-
mary structures include channels and shields (locally
clustered) that suggest a volcanic origin. In some
locations texture is related to the presence of shield
clusters and could be genetically related. Extensively
deformed by regional wrinkle ridges, regional frac-
tures and suites of local radial and concentric struc-
tures related to the evolution of volcano-tectonic
structures. The composite nature of this unit precludes
its use as a marker unit across the map area and only
local temporal relations can be determined.

Crater material, undivided (cu). High backscatter
and blocky texture. Includes ejecta blankets, crater
floor and central peaks. The composite nature of this
unit precludes its use as a marker unit across the
map area and only local temporal relations of the cra-
ter materials with other units and structures can be
determined.

Crater flow material, undivided (cfu). High back-
scatter flow materials associated with impact craters.
Lobate flows and flow structures allow to determine
flow direction. The composite nature of this unit pre-
cludes its use as a marker unit across the map area and
only local temporal relations of the crater materials
with other units and structures can be determined.

Flows from Kupo Patera (fpK). Intermediate-to-
high backscatter materials associated with Kupo
Patera (41.9°S/195.5°E) and other near volcano-tec-
tonic features. Proximal flows to Kupo Patera display
high backscatter and clear flow lobes. Intermediate-
size volcanoes around Kupo Patera could also contrib-
ute to the unit. Deformed by regional wrinkle ridges.
Relation to regional fractures and concentric struc-
tures related to the formation and evolution of Kupo
Patera is time transgressive.

Flows from Arasy Mons (fmA). Intermediate back-
scatter and mottled texture. Composite unit made of
overlapping volcanic flows related to Arasy Mons
(40.2°S/209.7°E). Clear lobate flows allow to trace the
direction and extent if the volcanic flows to the N
and NW of the volcano. Secondary pits and small vol-
canoes on the flanks also could contribute to the unit.
A radial fracture system associated with the formation
of the volcano cuts, but is also partially covered by, the
materials of the unit. Locally cut by fractures and gra-
ben of Olapa Chasma.

Flows from Firtos Mons (fmF). Intermediate back-
scatter materials around Firtos Mons (47.3°S/220°E).



A radial fracture system associated with Firtos Mons
cuts, but is also partially covered by, the materials of
the unit. Lack of clear flow lobes makes difficult to
clearly delineate the limits of the unit. Embayed volca-
nic features and clusters of small volcanoes could have
also contribute to the unit. Deformed by regional
wrinkle ridges.

Flows from Ignirtoq Tholi (ftI). Intermediate to
high backscatter and mottled texture. Composite
unit made of overlapping volcanic flows related to
Ignirtoq Tholi (50.9°5/222.8°E). Clear lobate flows
allow to locally trace the direction and extent if the
volcanic flows. Flows postdate radial fractures associ-
ated to Ignirtoq Tholi but are deformed by regional
wrinkle ridges.

Flows from unnamed paterae (fpu). Intermediate to
high backscatter flows associated with a group of small
unnamed paterae. Relation to concentric structures
related to the formation of the different patera and
regional wrinkle ridges is time transgressive.

Shield field and associated materials near Payne-
Gaposchkin Patera (sfPG). Low to intermediate back-
scatter materials formed by clusters of individual <
10 km kilometer-diameter edifices and associated
flows. Gradational contacts with surrounding units
due to the point-source nature of shield volcanism.
Locally deformed by regional wrinkle ridges, regional
fractures and suites of local radial and concentric
structures related to the evolution of volcano-tectonic
structures.

Shield field and associated materials in eastern
Wawalag Planitia (sfW). Low to intermediate back-
scatter materials formed by clusters of individual <
10 km kilometer-diameter edifices and associated
flows. Gradational contacts with surrounding units
due to the point-source nature of shield volcanism.
Locally deformed by regional wrinkle ridges, regional
fractures and suites of local radial and concentric
structures related to the evolution of volcano-tectonic
structures.

Shield field and associated materials in northern
Olapa Chasma (sfNO). Low to intermediate backscat-
ter materials formed by clusters of individual < 10 km
kilometer-diameter edifices and associated flows. Gra-
dational contacts with surrounding units due to the
point-source nature of shield volcanism. Locally
deformed by regional wrinkle ridges, regional frac-
tures and suites of local radial and concentric struc-
tures related to the evolution of volcano-tectonic
structures.

Shield field and associated materials in western
Olapa Chasma (sfWO). Intermediate backscatter
materials with mottle to reticulate textures. Associated
to intermediate volcanoes and clusters of small volca-
noes in western Olapa Chasma. Locally flow lobes
allow to trace the extent and direction of the flows.
Materials of this unit are locally cut by local NW-

JOURNAL OF MAPS (&) 9

and NE-trending regional fractures that are also
locally postdated by materials of the unit. Deformed
by regional wrinkle ridges.

Shield field and associated materials in eastern
Olapa Chasma (sfEO). Intermediate to low backscatter
and smooth texture. Some small flows can be traced to
small volcanoes, but the source of some unit materials
is not clear. Locally deformed by local radial fractures
of Idunn Mons and some wrinkle ridges but is general
the materials of the unit lack significant deformation.

Flows from Olapa Chasma (fchO). Low to high
backscatter materials with textures that variate from
smooth to locally mottled appearance. Clear flow
lobes allow to determine extent and direction of
flows. This unit is a composite unit formed by flows
that originate in fractures and graben of Olapa
Chasma, but also locally can be related to individual
shields and shield clusters. Different flows that form
this unit include Robigo, Saosis and Nyakaya flucti.
Materials of this unit are contemporaneous with the
formation of Olapa Chasma, with volcanic materials
postdating and being deformed by individual struc-
tures of the rift system. Locally deformed by radial
fractures of Idunn and Arasy montes, and, but very
locally by regional fractures and wrinkle ridges. It is
a composite unit that only allows for the determi-
nation of local temporal relationships.

Flows from Idunn Mons, member 1 (fmll). Low
backscatter and mostly homogenous sheet flows that
locally exhibit a mottled texture in their terminal
areas. The presence of a large channel suggest that
these large flows could be channel-fed, but also
could correspond to a section of the flow that was
channelized or a channel that fed later flows units.
Extensively deformed by regional wrinkle ridges, frac-
tures, and graben of Olapa Chasma, and local radial
fractures of Idunn Mons. Locally materials of the
unit cover these radial fractures, indicating that they
could be contemporaneous and that the volcanic
flows could be genetically related to the radial
fractures.

Flows from Idunn Mons, member 2 (fmI2). Inter-
mediate backscatter overlapping digitate flows with
local bright edges and hummocky texture. Locally
deformed by wrinkle ridges, especially in their distal
areas. Contemporaneous with local radial fractures
of Idunn Mons and fractures and graben of Olapa
Chasma.

Flows from Idunn Mons, member 3 (fmI3). High
backscatter overlapping digitate flows that present an
internal homogeneous structure. Some of the flows
are channelized. Contemporaneous with the local
radial fractures of Idunn Mons and with fractures
and graben of Olapa Chasma.

Flows from Idunn Mons, member 4 (fml4). Inter-
mediate-to-high backscatter multiple overlapping
digitate flows that radiate from the central summit.
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Contemporaneous with the local radial fractures of
Idunn Mons and with fractures and graben of Olapa
Chasma. Some flows whose source cannot be traced
to the summit could be related to fracture-fed flows
in the flanks and related to the rift fractures.

Flows from Idunn Mons, member 5 (fml5). Inter-
mediate-to-high backscatter multiple overlapping
digitate flows that form the upper volcano flanks.
Some of the flows near the summit present narrow
length-to-width ratios. Flows of this unit are contem-
poraneous with fractures and graben of Olapa
Chasma but seem to postdate the local radial frac-
tures of Idunn Mons. Some flows could be fracture-
fed flows originated in fractures and graben of
Olapa Chasma.

4, Conclusions

This study represents the first detailed geological map
of the Imdr Regio of Venus. In the map area, the
regional plains are composed of local outcrops of tes-
serae and other local materials that are postdated by
the large regional plains (Smooth and Textured plains
undivided). These materials are deformed by regional
fractures, wrinkle ridges of the 180° and Helen Planitia
regional trends (Billoti & Suppe, 1999), and by local
fracture suites related to the formation of coronae
and other large tectonomagmatic features. Imdr
Regio is dominated by the NW-SE trending Olapa
Chasma with local fractures and graben associated to
the formation of large volcanoes and other tectono-
magmatic units. Units in Imdr Regio are related to
the formation of large volcanoes like Idunn Mons
and to the magmatism associated to the Olapa Chasma
rift system. Other units include clusters of small
shields and associated materials that formed through-
out the history of Imdr Regio. Throughout the map
area several units were formed by crater ejecta
materials and local flows associated to impact craters
(e.g. Isabella and Boyd). In the northern half of the
map area surficial materials (i.e. dust) associated to
the impact processes cover the different structures
and units. The geologic mapping has revealed a com-
plex tectono-magmatic history in the region, with
different units related to different types of structures
and magmatic styles.

Software

Data visualization, analysis, and interpretation were
carried out using ArcGIS 10.4™ and geologic map-
ping was conducted using Adobe Illustrator 27.7T™.,
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