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Introduction:  Cryptomaria are covered or 
hidden mare deposits that are obscured from view by 
the emplacement of subsequent deposits of higher 
albedo [1].  Investigations of cryptomaria can provide 
information that is critical to understanding the 
evolution of the Moon.  At present, the time of the 
onset of mare volcanism is not accurately known.  
Since cryptomaria represent the earliest mare basalts, 
determination of their ages will provide information 
concerning the initiation of extrusive mare 
volcanism.  Cryptomaria were formed by magmas 
generated by very early partial melting of the lunar 
mantle.  Chemical data for cryptomaria provide 
evidence concerning the composition of these early 
partial melts.  We have used FeO, TiO2, and optical 
maturity maps produced from Clementine UV-VIS 
images [e.g., 2,3], Lunar Prospector orbital chemistry 
data [e.g., 4,5], Earth-based near-IR reflectance 
spectra, and a variety of spacecraft imagery to 
identify cryptomare deposits and to investigate the 
ages and compositions of the buried mare basalts. 

Results and Discussion:   
Balmer-Kapteyn Region.  The Balmer-Kapteyn 

(B-K) region is located just east of Mare Fecunditatis 
on the east limb of the Moon.  The region is centered 
on the B-K basin, which is a pre-Nectarian impact 
structure [6].  Several workers have identified a 
limited number of dark-haloed impact craters in the 
B-K region and suggested that the basin was the site 
of ancient mare volcanism [7,8,9,10].  We used 
Clementine 750 nm images to identify numerous 
dark-haloed craters (DHCs) in the B-K region, and 25 
well-developed DHCs were selected for detailed 
analysis.  Five-point spectra were extracted from a 
Clementine UV-VIS image cube for DHCs in the B-
K region.  These spectra have moderately strong 
“1µm” bands centered near 0.95 µm, which indicate 
the dominance of high-Ca clinopyroxene.  The dark 
haloes are composed of mare debris.  The spectral 
data indicate that DHCs in the B-K region have 
excavated buried mare basalts from beneath a higher 
albedo surface layer.  Clearly, a major expanse of 
cryptomare exists in the B-K region.  Based on the 
diameters of the DHCs, the thicknesses of the buried 
mare deposits appear to be < 0.6 km in most areas. 
However, the ancient mare basalt flows may be 
several km thick in the central portion of the B-K 

basin.  The buried mare basalts range in age from 
early Imbrian to pre-Nectarian. 

We used the compositions of the DHCs in the B-
K region to investigate the chemistry of the buried 
basalts.  The measured TiO2 values range from 0.8 
wt.% to 2.1 wt.%.  After correcting for the effects of 
highland contamination of the dark halo deposits 
using the method described in [11], the TiO2 values 
range from 1.0 wt.% to 2.5 wt.%.  The buried mare 
deposits are composed of low-TiO2 basalts and, 
possibly, VLT basalts. 

The FeO values exhibited by the DHCs in the B-
K region range between 11.5 wt.% and 15.7 wt.%.  
The lower FeO values are associated with older 
DHCs that have been contaminated with highland 
material by vertical mixing and lateral transport from 
the surrounding terrain. The DHC FeO values that 
best represent those of the buried mare deposits 
should be those obtained for the dark haloes of 
craters that a) have five-point spectra indicative of 
immature, uncontaminated mare material, b) have 
Earth-based telescopic spectra that indicate the 
presence of fresh mare basalt, or c) exhibit OMAT 
values that suggest young deposits that should have 
experienced minimal contamination.  The five DHCs 
that meet one or more of these criteria exhibit FeO 
concentrations that range between 15.0 wt.% and 
15.7 wt.%.  At least some of the buried mare units in 
the B-K region may be high-alumina mare basalts.  
High-Al mare basalt samples generally have FeO 
abundances that range between 13 wt.% and 18 wt.% 
[12].  In the B-K region, the fresh DHC FeO and 
TiO2 values that best represent those of buried mare 
deposits are well within the range of values exhibited 
by aluminous mare basalts.  Finally, it was 
determined that portions of the cryptomare in the B-
K region exhibit enhanced Th values.  The buried 
mare basalts in these areas may have Th abundances 
that are higher than those measured for most mare 
basalts in the lunar sample collection. 

Lomonosov-Fleming Region.  The region is 
centered on the Lomonosov-Fleming (L-F) basin on 
the east side of the Moon.  This 620 km, pre-
Nectarian basin is positioned northeast of Mare 
Marginis.  We used Clementine 750 nm images to 
identify numerous DHCs in the region, and 17 well-
developed DHCs were selected for analysis [11].  
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Five-point spectra extracted from Clementine UV-
VIS image cubes for these DHCs have moderately 
strong “1 µm” bands centered near 0.95 µm.  The 
portions of the dark haloes for which these spectra 
were obtained are dominated by mare basalts.  
Although the thicknesses of the buried mare deposits 
appear to be variable, ancient mare basalt flows may 
be 2-3 km thick in some portions of the L-F region.  
The buried mare basalts range in age from Imbrian to 
pre-Nectarian. 

The compositions of the DHCs in the L-F region 
were used to investigate the compositions of the 
cryptomare deposits [11].  After correcting for the 
effects of highland contamination, it was found that 
the TiO2 values range between 0.5 wt.% and 4.2 
wt.%.  A variety of mare compositions were exposed 
by DHCs in the L-F region.  While these 
compositions range from VLT basalts to intermediate 
TiO2 mare basalts, most are low-TiO2 basalts. 

High-alumina mare basalts may be present in the 
L-F cryptomare.  The freshest DHCs within the L-F 
basin exhibit FeO values that range between 13.3 
wt.% and 15.8 wt.%.  The corrected TiO2 abundances 
for all the DHCs in the basin range between 0.5 wt.% 
and 4.2 wt.%.  These FeO and TiO2 abundances fall 
within the range of values commonly exhibited by 
aluminous mare basalts. 

Moscoviense Region.  Moscoviense basin is a 
large multiringed impact structure on the central 
portion of the lunar farside (147°E, 26°N).  The 
interior of this Nectarian-age basin is partly flooded 
by Mare Moscoviense.  Two major cryptomaria have 
been identified on the basin interior [13,14].  The 
youngest is an Imbrian-age cryptomare mapped as 
ancient mare by Gillis [13] and as smooth light plains 
by Stuart-Alexander [15].  The surface of this 
cryptomare has low FeO (6-10 wt.%) and TiO2 (< 2 
wt.%).  Young craters have excavated fresh mare 
material from beneath the mature surface of this 
ancient mare.  These craters exhibit slightly higher 
FeO values (10-13 wt.%) and TiO2 values that are < 3 
wt.%.  This ancient mare unit may be dominated by 
high-alumina mare basalt.  The oldest cryptomare is a 
Nectarian-age buried mare unit that occurs between 
the inner and outer rings of Moscoviense basin [13].  
These buried basalts also appear to have relatively 
low FeO and TiO2 abundances.  

Schiller-Schickard Region.  The Schiller-
Schickard (S-S) region has been intensively studied 
by a number of investigators, and a major expanse (3-
4 x 105 km2) of cryptomare has been identified in the 
region [e.g., 9,10,16-19].  Spectral studies have 
demonstrated that DHCs in the region excavated 
mare basalts from beneath light plains deposits 

emplaced as a result of the Orientale impact event 
[16,18,19].  We used Clementine FeO and TiO2 maps 
to determine the compositions of the basalts exposed 
by DHCs in the region.  The FeO values generally 
range from 13 wt.% to 16 wt.%.  All DHCs in the 
region excavated basalts that have TiO2 abundances 
of < 2 wt.%.  Some expose basalts with < 1 wt.% 
TiO2.  The cryptomare deposits in the S-S region are 
VLT and low-TiO2 mare basalts. 

Other Cryptomare Deposits.  Clementine FeO 
and TiO2 maps were used to investigate the 
compositions of buried mare basalts exposed by 
DHCs in other lunar cryptomaria.  These included 
cryptomare deposits northwest of Mare Humorum 
[20], on the interior of Smythii basin [21], in the 
Mendel-Rydberg region, and on the northeastern 
portion of the lunar nearside.  The compositions of 
the buried mare units range from VLT basalts to 
intermediate TiO2 mare basalts.  No evidence for 
high-TiO2 mare basalts was found. 

References:  [1] Head J.W. and Wilson L. (1992) 
GCA, 56, 2144.  [2] Lucey P.G. et al. (2000) JGR, 
105(E8), 20297.  [3] Lucey P.G. et al. (2000) JGR, 
105(E8), 20377.  [4] Lawrence D.J. et al. (2002) 
JGR, 107(E12), 5130.  [5] Gillis J.J. et al. (2004) 
GCA, 68, 3791.  [6] Wilhelms D.E. (1987) U.S.G.S. 
Prof. Paper 1348.  [7] Hawke B.R. and Spudis P.D. 
(1980) PCLHC, 467.  [8] Hawke et al. (1985) 
E.M.P., 32, 257.  [9] Schultz P. and Spudis P. (1979) 
PLPSC 10, 2899.  [10] Schultz P. and Spudis P. 
(1983) Nature, 302, 233.  [11] Giguere T.A. et al. 
(2003) JGR, 108(E11), 5118.  [12] Taylor G.J. et al. 
(1991) in Lunar Sourcebook, Cambridge Univ. Press, 
N.Y., Ch. 6.  [13] Gillis J.J. (1998) Ph.D. dissertation, 
Rice Univ., Houston, TX.  [14] Hawke B.R. et al. 
(2001) LPS XXXII, Abstract #2094.  [15] Stuart-
Alexander D.E. (1978) U.S.G.S. Map I-1047.  [16] 
Hawke B.R. and Bell J.F. (1981) PLPSC 12, 665.  
[17] Antonenko I. et al. (1995) E.M.P., 69, 141.  [18] 
Blewett D.T. et al. (1995) JGR, 100(E8), 16959.  [19] 
Head J.W. et al. (1993) JGR, 98(E9), 17149.  [20] 
Hawke B.R. et al. (1993) GRL, 20, 419.  [21] Gillis 
J.J. and Spudis P.D. (2000) JGR, 105(E2), 4217. 

Lunar and Planetary Science XXXVI (2005) 1642.pdf


