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Introduction: We are nearing completion of a new 

geologic map of the northern polar region of Mercury 
(H-1 Borealis Quadrangle) using MESSENGER orbital 
observations at the 1:5M map scale. Our mapping 
leverages current and ongoing USGS-supported 
geologic mapping efforts including the 1:15M-scale 
Mercury global geologic map [1–4] and the 1:5M-scale 
H-10 Derain Quadrangle [5] to establish basic standards 
and practices for quadrangle mapping of Mercury using 
MESSENGER data. Importantly, these maps will be 
among the first USGS Scientific Investigations Map 
(SIM) series prepared with MESSENGER data.  

Mapping Effort: Three general tasks were de-
fined, informed by past experience with both producing 
and publishing geologic maps with the USGS, by map-
ping other regions of Mercury’s surface, and by con-
ducting crater analyses. Map production (Task 1) will 
result in a geologic map of H-1 from MESSENGER da-
tasets compiled in GIS format. Age determination (Task 
2) involves the assignment of relative ages to mapped 
units from observed stratigraphic relationships and 
measurements of areal crater density, so as to place the 
mapped units in the new chronostratigraphic system for 
Mercury [e.g., 5, 6] and develop a geologic history for 
H-1. Whenever possible, absolute model ages will be 
derived from those crater measurements. Map publica-
tion (Task 3) encompasses map submission, revision, 
and publication. 

Mapping Data: The MESSENGER Mercury Dual 
Imaging System (MDIS) monochrome mosaic serves as 
our base map and comprises Narrow Angle Camera 
(NAC) and Wide Angle Camera (WAC) images at ~166 
meters per pixel (m/px). This mosaic includes images 
with low emission angles and moderate- to high-inci-
dence angles favorable for emphasizing morphology 
and topography, which are beneficial for mapping. 

We use both the MESSENGER Mercury Laser Al-
timeter (MLA) digital elevation model (DEM) (cover-
ing 55°N–90°N at 500 m/px), and the MDIS DEM [7] 
(with global coverage at 665 m/px) as needed, to aid in 
identification and mapping of physiographic landforms, 
geologic units, and crater identification. 

Mapping Progress: We are in the process of 
finalizing age determinations, crater degradation states, 
and required map components in advance of map 
submission. This process includes reviewing crater 
measurements and degradation assessments, finalizing 

the Description of Map Units (DOMU) and Correlation 
of Map Units (COMU), along with the text for the map 
pamphlet, and finalizing the GIS package for map 
submission. We are diligently working to submit the 
map prior to the end of FY20, as progress was hindered 
in FY19 due to the partial government shutdown. The 
working map and draft unit definitions for plains 
materials are displayed in Fig. 1. 

We continue to make progress toward completion of 
the impact crater classification and degradation state 
assessment. Impact structures ≥20 km in diameter and 
their related materials are classified according to 
degradational state using the methodology applied in the 
global geologic mapping effort [e.g., 4,6]. At the Annual 
Planetary Geologic Mappers Meeting in 2019, we 
discussed strategies for mapping crater materials on 
Mercury so as to be as consistent as practical with the 
active USGS-supported global map and H-10 
quadrangle. We continue to work closely with the 
leaders of those mapping efforts (M.J. Kinczyk and J.L. 
Whitten, respectively) to develop and refine the 
definitions for crater materials during mapping. 

Consistently mapping the intercrater plains, the most 
areally extensive geologic unit on Mercury [e.g., 7], 
remains a challenge in H-1 as it does for other USGS-
supported mapping investigations [4, 5]. The intercrater 
plains unit consists of gently rolling plains materials in 
between large craters and basins, with a high areal 
density of small, superposed craters ~5–15 km in 
diameter that is indicative of a complex resurfacing 
history [5, 7]. In H-1 we have mapped two intercrater 
plains units primarily distinguished by textural 
differences. However, both the ongoing global map and 
H-10 quadrangle efforts are employing multiple 
techniques in an attempt to consistently and confidently 
subdivide the intercrater plains and, as such, we may 
revise our unit definitions and mapping based on 
collaborative work with those mapping teams. 
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Fig. 1: Working draft of the H-1 Borealis Quadrangle map. 
We are finalizing impact crater degradation assessments, 
which will be included in the final map prepared for  
submission. We continue to systematically 
subdivide the intercrater plains; see  
Whitten et al. [5] for additional  
discussion. 
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