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Introduction: Impacts and volcanism are two fun-

damental processes that shape planets. Both provide 
inputs of material and heat to planetary crusts (alt-
hough post-accretion impacts mostly remove or redis-
tribute the former), and both are primary mechanisms 
of resurfacing well represented in the broad spans of 
history preserved on “one-plate” planets [1] (those 
lacking plate tectonics). Recently, several prominent 
volcanic provinces associated with the margins of large 
impact basins have been identified and characterized. 
Further, new insights into impact and volcanic systems 
gained through analysis of new high resolution datasets 
and advanced physical modeling of processes allow a 
thorough rethinking of the relationships between im-
pact basins and volcanic systems that cover and flank 
them. In keeping with the usage “LIP” representing 
“Large Igneous Province” [e.g., 2], I coin terms for 
two types of “(Impact) Basin Igneous Provinces”, or 
“BIPs”: The Intra-Basin Igneous Province (I-BIP), in 
which volcanism coincides with the basin and (partial-
ly) fills it, and the Trans-Basin Igneous Province (T-
BIP), in which volcanism flanks the basin.  

The Moon: The dark basaltic mare units (red in 
Fig. 1) are are the most obvious expression of volcan-
ism on the Moon. A large volume of mare material fills 
topographically preserved impact basins of the lunar 
nearside (Nectaris, Crisium, Serenitatis, and Imbrium), 
as well as covering relaxed basins like Fecunditatis and 
Nubium; all these are considered I-BIPs. However, the 
vast Procellarum region is also covered by mare, and 
explanations of that region as a relict giant impact [3] 
have given way to bolder interpretations of the region 
as a primordial thin-crust zone bounded by magmatic 
rifts [4]. Mare Tranquillitatis had also been considered 
to a relaxed impact basin, but recent gravi-
ty/topography analysis [5] indicates a bifurcated struc-
ture, with a narrow zone of signicant crustal thinning 
(one of the aforementioned rifts) running along the 
western margin, and the remaining two-thirds or so 
encompassing crust of thickness comparable to the 
regional (non-basin) average. These findings rule out 
simple relaxation of a proto-Tranquillitatis basin, and 
thus I consider Tranquillitatis to be an T-BIP [e.g., 6]. 
Mare Frigoris is the long but narrow strip of mare 
north of the Imbrium and Serentiatis basins: the struc-
ture of this clear T-BIP is likely a combination [6] of 
inheritance of structure from the adjacent basins and 
crustal thinning associated with another branch of the 
proposed Procellarum-bounding rift system [4]. 
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Figure 1. Geologic maps for a hemisphere of the Moon 

[3] (mare units in red) and Mars [7] (volcanic units in various 
colors), with I-BIPs and T-BIPs labeled in blue and red let-
tering, respectively, except for lunar relaxed basins in gray. 
The label “BOREALIS” does not correspond to a BIP but is 
shown to illustrate this proposed megabasin’s [8] influence 
on other BIPs. The label “CHVP” refers to the “Circum-
Hellas Volcanic Province” [9].  

Mars: Most of the largest impact basins on Mars 
have large volcanic constructs and provinces associat-
ed with their margins as T-BIPs. Such pairings include 
[Hellas:Circum-Hellas Volcanic Province (CHVP)], 
[Isidis:Syrtis Major], and [Utopia:Elysium Rise]. The 

1814.pdf49th Lunar and Planetary Science Conference 2018 (LPI Contrib. No. 2083)



locations of martian T-BIPs, which are not annular but 
occur at discrete locations on basin rims, may be struc-
turally controlled by a combination of regional-scale 
tectonic and local-scale loading stress states. 

    
Figure 2. Northern hemisphere (top) and global (bottom) 

maps of Mars topography [10]. Top: Potential topographic-
structural “contours” of the proposed Borealis basin [8] (red 
solid ellipses, the largest with axes 9600 x 7680 km), with 
great circle paths emanating from the center (red line along 
major axis and black lines at 15° azimuth intervals), aligned 
tectonic trends (short black lines), and BIP outlines (red 
dashed lines). Bottom: Borealis contours, great-circle trends, 
and BIP outlines as in top figure on global map of Mars.  

On the flank of the Borealis basin lies the vast 
Tharsis volcanic rise, arguably the largest volcanic 
province in the Solar System. But even gigantic Thar-
sis may be a T-BIP of the yet grander Borealis basin. 
Further, Borealis is so vast that it may have influenced 
the origin and evolution of igneous provinces every-
where on Mars. For example the expressions of the 
Hellas-flanking CHVP occur along great circle trends 
(black lines in lower map) close to the one “boresight-
ed” along the major axis of the proposed Borealis el-
lipse (red line). The NE-CHVP in particular is elongat-
ed along the direction of these great circles, strongly 
suggesting an inheritance of tectonic structure from the 
Borealis impact. Borealis structure may also inform the 
subsequent volcano-tectonic evolution of its interior. 
Black bars in the upper map of Fig. 2 trace out the 
broad-scale strikes of tectonic trends for features like 
(progressing left-to-right) the Elysium Rise, Acheron 
Fossae, Ceraunius Fossae, Alba and Tantalus Fossae, 
Tempe Fossae, and Kasei Valles. All of these features 

are sub-circumferential to the proposed basin contours 
with the exception of Ceraunius Fossae, which is sub-
radial. I suggest that tectonic fabrics and stress states 
inherited from the Borealis impact event and the litho-
spheric response to it may explain the circumferential 
(or radial) nature of the tectonic trends in the northern 
lowlands. For example, the previously inexplicable 
“right turn” of the Alba Fossae and Tantalus Fossae 
faults system emanating from and around the summit 
region of Alba Mons can be understood as the expres-
sion of relict loading stress and tectonic fabric of the 
Borealis Basin [see also 11]. An analogous effect of 
the South Pole-Aitken basin impact on the volcano-
tectonics of the Moon has been proposed [12]. Global-
scale stress perturbations associated with the SP-A 
impact may have energized early lunar magma ascent 
and eruption [13].  

Formation mechanisms: I-BIPs: The impact pro-
cess produces several conditions that enhance subse-
quent magmatism: 1) Heating of already hot (young 
planet) mantle material that enhances melting. 2) 
Thinning of crust, thereby mitigating adverse buoyan-
cy effects. 3) Mechanics of the response to basin-
forming impacts may induce ascent-enhancing stress 
early in I-BIP history [e.g., 14]. T-BIPs: These prov-
inces can draw on conditions favoring magmatism 
induced by previous impacts: 1) Deposition of heat and 
generation of melt from an adjacent impact structure. 
2) Generation of lithospheric stress conditions favoring 
magma ascent from adjacent I-BIP emplacement [15]. 
3) Favorable tectonic conditions from disruptions of 
the largest impacts (e.g., Fig. 2). Such conditions can 
interact favorably with planetary interior phenomena 
such as mantle convection to provide pathways for 
plume melt ascent. 
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