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Introduction:  The Libya Montes are a >1000 km 

long series of massifs south of Isidis Planitia that de-

fine the highland-lowland transition in northwest Tyr-

rhena Terra. This region collectively contains Noachi-

an- to Hesperian-aged rocks, including some of the 

oldest recognized outcrops on Mars [1]. The densely 

gullied Libya Montes are adjacent to plains with north-

directed, deeply incised, high-order channel systems 

(Zarqa Valles). Libya Montes massifs and Zarqa Valles 

drainages are abutted and embayed by Syrtis Major 

lava flows from the west-northwest. Massifs become 

less prominent, coalesce, and/or grade into inter-massif 

crater terrains to the south, where they form Isidis-

circumferential scarps (Oenotria Scopuli) and bound 

relatively low-lying plains (Oenotria Plana). The basin-

margin setting, proximity to the highland-lowland tran-

sition, range of unit types and ages, and apparent di-

verse provenance suggest an improved understanding 

of the geology of this area can provide insights into the 

evolution of ancient highland landscapes on Mars. 

Previous small scale (large area) maps [1-4] used 

Mariner 9, Viking and post-Viking data to establish 

broad-scale geologic context. Large scale (small area) 

investigations and resulting topical geologic maps test-

ed/altered this context for local scales using diverse, 

high-resolution post-Viking data sets [e.g., 5]. Though 

these maps collectively support geologic discovery at 

their respective scales, it is difficult to extrapolate the 

geologic evolution of this region from a generalized 

global map and a specialized topical map. We are fill-

ing this scale-based gap in understanding by assem-

bling a 1:1M scale geologic map to bridge existing 

global and local schemata. Our study area is defined by 

six MTMs (75 to 85° E, -12.5 to 2.5° N) that contain 

the region described above. We digitized at 1:250,000, 

with a vertex spacing of 400 m, on a THEMIS daytime 

IR controlled mosaic base map [6] augmented with 

THEMIS nighttime IR, CTX, and MOLA data.  

Unit Mapping:  We characterized geologic units in 

three morphostratigraphic groups: older massif group 

(mean slope = 7.8°), intermediate-aged terra group 

(2.8°), and younger plains group (1.5°). The massif 

group contains the highest topographies as rugged 

promontories. The terra group contains inter-massif 

cratered terrains above local low-lying plains. The 

plains group contains units in local topographic lows 

that embay and abut massif and terra units. 

Massif Group.  We map two massif units with mas-

sif unit 1 (m1) being isolated to Libya Montes and mas-

sif unit 2 (m2) being mapped throughout the area. The 

m1 and m2 units are in close proximity to each other in 

Libya Montes, with both units being contiguous in 

some local outcrops. The m1 unit forms high relief, 

elongate features that stand up to 2.5 km above adja-

cent terrains with sharp axial ridges/peaks, valley-and-

spur morphologies, and smooth to rugged slopes. The 

m2 unit forms roughly equant, dome-like features with 

stubby, radial furrows and infrequent central plateaus. 

Interpretation: Similar to past maps [1-4], we interpret 

massif units as uplifted crustal blocks exposed by the 

Isidis basin-forming impact. Valley-and-spur (m1) and 

heavily furrowed (m2) morphologies suggest intense 

modification after exposure, perhaps due to erosion by 

fluvial and/or mass-wasting processes. However, com-

paring outcrops with contiguous ridged/peaked, elon-

gate portions (m1) and dome-like, equant portions (m2) 

allude to significant material differences. Massifs may 

consist of simultaneously Isidis-exposed basement rock 

(m1) and/or capping ancient highland regolith (m2). 

Terra Group.  We map three terra units with terra 

unit 1 (t1) being slopes connecting local topographic 

highs (massifs or t2) and lows (t3 or plains), terra unit 2 

(t2) being inter-massif terrains, and terra unit 3 (t3)   

being erosional flanks of topographic highs (massifs, t1 

or t2). Unit t1 is moderately sloped with smaller out-

crops having furrows and larger outcrops having dis-

sections and moderately smooth-topped plateaus. Unit 

t2 is shallowly sloped with local semi-planar areas and 

common hummocks and plateaus. Unit t3 has shallow 

to steep slopes that are heavily furrowed. Interpreta-

tion: We interpret unit t1 as a deposit of eroded massif 

materials that bury the flanks of adjacent massifs. In 

certain areas, the erosional processes that source unit t1 

materials dissected highland regolith, suggesting collu-

vial and/or alluvial processes. In intermediate stratigra-

phies, weathering processes bring material from adja-

cent highs and deposit them as unit t2 outcrops. We 

interpret unit t3 to be alluvial and colluvial deposits 

from the youngest erosional processes.  

Plains Group.  We map five plains units with plains 

unit 1 (p1) being old inter-massif plains, plains unit 2 

(p2) occurring (mostly) in the lowest topographies in 

the area, and plains unit 3 (p3) filling topographic lows 

throughout the maps at varying elevations. The etched 

plains unit (pe) is restricted to the center of the map and 

is positioned above local outcrops of unit p2. The rough 

plains unit (pr) is typically limited to margins of unit p3. 

Unit p1 is smooth with sporadic hummocks or undula-
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tions and occurs at elevations comparable to terra units. 

The p2 unit is broadly smooth, contains well-developed 

channel systems, and occurs at relatively lower eleva-

tions. The p3 unit is pervasively smooth, characteristi-

cally contains northwest-southeast trending wrinkle 

ridges, and often has lobe-like margins. The pe unit has 

reticulate patterns of linear pockmarks and forms plat-

eaus and cavi embayed by unit p2. The pr unit has a 

knobby surface and occurs along certain margins of p3 

adjacent to t3 outcrops or massifs. Interpretation: We 

interpret units p1 and p2 as sediments deposited from 

the erosion of adjacent massif and terra units. Unit p2 

in particular may be an alluvial unit made up of chan-

nel floor and overbank sediments. We interpret unit p3 

as flood lavas from Syrtis Major to the northwest or 

unspecified sources within the map region. Unit pe is 

enigmatic; we interpret it as a terra unit modified by 

aeolian and fluvial processes. We interpret unit pr as 

alluvial fan deposits sourced from adjacent slopes.  

Impact Crater Units.  We map impact craters >10 

km in diameter, and categorize them as heavily degrad-

ed (c1), moderately degraded (c2), or fresh (c3). Some 

c2 craters and most c1 craters have a smooth floor de-

posit that is distinctly dark (cs1) or light (cs2) in 

THEMIS nighttime IR. Two large diameter craters 

(>49 km) craters, Lipany and Jarry-Desloges craters, 

were differentiated into crater ejecta (cej), rim (cr), floor 

(cf), and peak (cpk) units. Disrupted terrain (cd) consist-

ing of 0.5 to 5 km blocks occur in some crater floors. 

Discussion:  Our bridge-scale map of Libya Mon-

tes and Tyrrhena Terra is providing improved geologic 

context compared to previous small-scale maps. Our 

units both follow and diverge from these maps due to 

higher-resolution data, varying data types, larger-scale 

mapping, and integration of local geologic hypotheses. 

Herein, we discuss how each unit group was mapped 

for the previous small scale maps [1-4], followed by 

our mapping interpretation of the group. Though some 

units directly correlate across all maps, we split other 

units from previous maps between multiple unit 

groups. For this discussion, we focus on the previously 

mapped units that most closely correlate with our own. 

The massif group was previously mapped as high-

land massifs (mNhm), mountainous material (m), and 

mountain material (Nm) for the global- [2], hemispher-

ic- [1], and quadrangle-scale maps [3-4]. The mapping 

scale we use allows for more distinct mapping (i.e., 

separating mons from surrounding terra and plains in 

Libya Montes) of the highlands as two different massif 

units. We account the different outcrop expressions for 

units m1 and m2 as being different rock composition, 

but it is difficult to discern the geologic history of the 

massifs earlier than Isidis-impact derived uplift. Some 

of the promontories have both m1 and m2 units hinting 

at simultaneous geologic processes forming adjacent 

basement rock and capping ancient highland regolith. 

We distinguish terra units from the broadly mapped 

massif and plains units previously identified within our 

study area. Our terra units correlate to portions of 

global-scale highlands (eNh) [2], hemispheric-scale 

hilly and dissected plateaus (Nplh, Npld) [1], and 

quadrangle-scale knobby units (k, ki) [3-4]. The terra 

units are transitional deposits of material eroded from 

topographic promontories in the area that are not trans-

ported to plains. The scale of our mapping enables us 

to distinguish three terra units from the surrounding 

highland terrain based on relative slope, surface rough-

ness, and density/expression of furrows and channels. 

Different approaches have been used to name and 

categorize units in the low topography, shallow slope 

areas of Zarqa Valles, Oenotria Plana, and Syrtis Major 

Planum. The global-scale map identified volcanic units 

in Syrtis Major Planum (eHv) without specifying the 

volcanic source [2]. The hemispheric-scale map identi-

fied smooth plateaus (Hpl3) in Zarqa Valles and an 

etched plateau unit (Nple) in the center of our study 

area [1]. The quadrangle-scale maps identified cratered 

plains (pc) within knobby terrains in the highlands [3-

4]. We follow these previous interpretations by only 

mapping generic volcanic plains without referencing 

volcanic sources, mapping etched plains and smooth, 

fluvial plains within Zarqa Valles, and by mapping 

older plains units (p1) in intermediate topographies. 

Next Steps:  We have completed the geologic map, 

unit descriptions, unit correlations, and portions of the 

map text. As we begin to iterate on these components 

to ensure consistency, we will resolve the following 

aspects to finalize the map for submission by June 

2017: (1) establish formal unit names, groups, and la-

bels based on geographic locations of type localities; 

(2) compile relative and absolute model ages based on 

crater statistics and corroborate these ages with all map 

components; (3) consider subdivision of unit p3 to re-

flect respective volcanic sources; (4) apply stipple pat-

terns to geomorphic characteristics that transect differ-

ent units and perhaps reveal erosion of surficial units; 

(5) confirm distinction between massif units; and (6) 

include CTX- and HiRISE-based characteristics. 
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