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Introduction:  The mineralogical composition of 

the lunar crust across the entire surface and at a wide 

range of depths can be inferred from remote sensing 

observations of complex craters and impact basins on 

the Moon. Complex impact craters expose material in 

their central peak, which originates from a depth of 

~0.1D within the crust [1] (where D is the transient 

crater diameter). However, the depth of origin of the 

material exposed in the ring(s) of impact basins is not 

well understood, with some estimates ranging from 

about ~0.035D [2] to ~0.15D [3]. Placing better con-

straints on the depth of origin of material exposed by 

the basin’s innermost ring (which likely represents the 

deepest derived material in multi-ring basins [1]) 

would be of great value because it would allow to use 

the mineralogical analysis of basin rings in concert 

with that of central peaks in an attempt to assess the 

composition of the lunar crust. 

Recent studies suggest there is a striking difference 

in composition between the rock population of central 

peaks [e.g., 4-9] and basin rings [e.g., 7,10,11]. For 

example, Lemelin et al. [9] found that central peaks in 

the Feldspathic Highland Terrane (FHT), which expose 

material throughout the entire crustal column, from 5 

to 49 km above the crust/mantle boundary, are on av-

erage composed of anorthosites, noritic or gabbroic 

anorthosites, and anorthositic norites or gabbros. They 

report small local exposures of purest anorthosite (pla-

gioclase content ≥98 wt.%). On the other hand, global 

surveys identified local exposures of norites, trocto-

lites, and purest anorthosites [e.g., 3,7,10,11] in and 

around many impact basins. 

Our objective is to better constrain the composition 

of the lunar crust with depth by (1) conducting a com-

prehensive study of the mineralogy of the basin’s in-

nermost ring such as that of Cheek et al. [12] for 13 

basins, and comparing their mineralogy to that of the 

central peaks studied by Lemelin et al. [9], and by (2) 

using iSALE-2D hydrocode models to better constrain 

the depth of origin of the material exposed by the ba-

sin’s innermost ring. The basins we study are: Crisium, 

Freundlich-Sharon, Hertzsprung, Humorum, Imbrium, 

Korolev, Lorentz, Mendeleev, Mendel-Rydberg, Mos-

coviense, Nectaris, Orientale, and Serenitatis. 

 Methods and datasets:  We identified the inner-

most ring for each of the basins using the Bouguer 

gravity anomaly from the Gravity Recovery And Inte-

rior Laboratory (GRAIL), and lunar geologic maps 

from the United States Geological Survey (USGS) 

[13]. We defined the innermost ring material as the 

USGS “circumbasin materials” or “basin materials” 

located within a basin’s Bouguer gravity anomaly. 

We determined the composition of the innermost 

ring of these basins at ~80 m/pixel for all immature 

exposures (OMAT>0.2 [14]), using Multiband Imager 

data (750-1550nm, MAP level 02 [15]) and Hapke’s 

radiative transfer equations. We constructed a spectral 

lookup table of the reflectance spectra of 6601 mix-

tures of olivine, orthopyroxene, clinopyroxene and 

plagioclase, at 7 amounts of submicroscopic iron 

(SMFe), an Mg# (Mg/Mg+Fe) of 65, and a grain size 

of 17µm. We also modeled the reflectance spectra of 

these mixtures for a grain size of 200 µm for plagio-

clase to account for the band depth observed in the 

Multiband Imager data [5], for a total of 92,414 spec-

tra. We compared the modeled spectra that contained 

±2 wt% FeO of a given pixel [9], and assigned the 

composition to the best spectral match (in terms of 

correlation and absolute difference in continuum re-

moved reflectance). 

We modeled the depth of origin (Do) of the materi-

al exposed by the innermost rings using iSALE-2D.  

The spatial sampling of these models does not allow 

direct detection of the rings, but rather a zone that 

would include the rings (the top 10 km of the region of 

crustal thinning). We find this region exposes material 

originating principally from two depths: a “shallow 

component” from the crust, a “deep component” from 

the lower crust or the upper mantle. There is also a 

component from the impactor. The relative abundances 

of these components depend on the impactor size, 

speed and pre-impact crustal thickness. In this initial 

model, we assume a cold impact target [16].  

Initial results:  Impact modeling suggests that the 

shallow and the deep component have a depth of origin 

of ~0.07D and ~0.22D respectively (Fig. 1). While the 

models do show the proportions of components found 

in the region where rings would form (the top 10 km of 

the region of crustal thinning), we do not assume that 

the rings themselves reflect these proportions (hence 

average composition). In figure 2a, we plot the prox-
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imity to the mantle of the shallow and deep compo-

nents, and the average plagioclase content of the rings. 

The rings appear to be largely dominated by the shal-

low component, as a major contribution by the deep 

component would imply a plagioclase-rich mantle. 

 

 
 

Figure 1. Modeling the mean depth of origin of the material exposed 

by the innermost ring, using the top 10 km of crustal thinning region 

as a proxy for the location of the innermost ring (assuming pre-
impact crustal thicknesses of 30, 45, 60 km, and cold target [16]). 

 

We find that of the 13 basins, 3 excavated only 

crustal material (both the shallow and deep compo-

nents are from the crust): Hertzsprung, Korolev and 

Mendeleev. The innermost ring of these basins exposes 

material from similar depths, 3 to 34 km above the 

crust/mantle boundary (pre-impact crustal thickness – 

depth of origin). These rings also have very similar 

average abundances of plagioclase (92-93 wt.%), cli-

nopyroxene (3-4 wt.%), orthopyroxene (2-3 wt.%), and 

olivine (2 wt.%), suggesting that the crust is quite ho-

mogeneous and anorthositic where these basins are 

located on the lunar far side. 

According to our model, the deep component of the 

10 other basins comes from the upper mantle (i.e., 

0.22D>pre-impact crustal thickness) (Fig. 2a). How-

ever, these basins contain too much plagioclase (≥67 

wt.%) for that to be reasonable. Instead, if we assume 

that 100% of the ring material comes from the shallow 

component (Fig. 2a), we can reconcile the mineralogy 

of the basin rings in this study and that of the central 

peaks studied by Lemelin et al. [9] (Fig. 2b). 

We also find that 2 to 34% of the pixels of each ba-

sin ring have their reflectance minimum at 1.250 µm (a 

proxy for purest anorthosite), Orientale is an exception 

with 46%; purest anorthosite is detected in all basins.  
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Figure 2. Average plagioclase content of the basin’s innermost ring 
in this study (circles) and the central peaks studied by Lemelin et al. 

(2015) (triangles), versus their proximity to the crust mantle bounda-

ry (horizontal line). (a) The average plagioclase content of each 
basin (circles) is shown at the location of the shallow (blue) and deep 

(green) component. (b) The average plagioclase content of each 

basin (circles) is assigned to the depth of origin of the shallow com-
ponent. The color represent the geological terrane. 
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