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Introduction:  In order to better understand lunar vol-

canism, we are investigating cryptomare and pyroclastic 
deposits.  In recent years, increasing attention has been de-
voted to lunar dark mantle deposits of pyroclastic origin 
[e.g., 1,2].  These deposits provide important clues concern-
ing the composition, distribution, and styles of emplacement 
of the products of explosive volcanism on the Moon.  Cryp-
tomaria are buried or obscured mare basalt deposits that were 
emplaced very early in lunar history [3].  The study of these 
deposits can provide important information concerning the 
composition and age of the earliest mare basalts [4]. 

We analyzed Lunar Reconnaissance Orbiter Camera 
(LROC) Wide Angle Camera (WAC) and Narrow Angle 
Camera (NAC) images, as well as other spacecraft data, to 
conduct a survey of the Moon to search for previously uni-
dentified pyroclastic and cryptomare deposits [e.g., 2].  This 
report extends our previous work to include the northern 
portion of the lunar east side.  The purposes of this study are 
as follows:  (1) To identify and characterize previously un-
known localized pyroclastic deposits, (2) To determine the 
composition of the pyroclastic units, (3) To investigate the 
eruption mechanisms responsible for the emplacement of 
these dark mantle deposits, (4) To locate and characterize 
previously unidentified cryptomare deposits, and (5) To 
investigate the compositions and ages of the buried mare 
units. 

Data and Methods:  Both LROC WAC and NAC imag-
es are utilized in this investigation.  The high resolution 
(0.5m/pixel) provided by the NAC images is critical for the 
study of the smallest pyroclastic deposits as well as vent 
structure.  Clementine UVVIS images are used to produce 
FeO, TiO2, and optical maturity maps of the study area uti-
lizing the algorithms of Lucey et al. [5,6].  Topographic data 
are provided by the LROC GLD100 [7]. 

Results and Discussion: 
Cleomedes Crater Cryptomare Deposit.  Cleomedes is a 

Nectarian-age impact crater (D = 126 km, 27.7°N, 55.5°E)  
located just north of Mare Crisium.  Most of the floor of 
Cleomedes was mapped as light plains material by Casella 
and Binder [8].  LROC images reveal numerous dark-haloed 
craters (DHCs) of various sizes superposed on these light 
plains.  A study set of 12 DHCs was selected for detailed 
investigation.  These craters range in diameter from 0.47 km 
to 1.31 km, and four are shown in Figure 1.  The morphology 
of these craters clearly indicates that they are of impact 
origin.  The maximum FeO and TiO2 values associated with 
these 12 DHCs are 10.7 to 14.8 wt.% FeO and 0.9 to 1.9 

wt.% TiO2.  These values are well above the average FeO 
and TiO2 values determined for the light plains deposit on 
the floor of Cleomedes.  The composition of the dark ejecta 
around the DHCs is consistent with mare basalt mixed with 
minor amounts of highlands debris. 

 
Figure 1.  NAC frames M185519855L&R.  Arrows indicate DHCs. 

In summary, numerous dark-haloed impact craters exca-
vated mare material from beneath a light plains deposit on 
the floor of Cleomedes.  This cryptomare was formed by the 
burial or contamination of a mare unit by highlands-rich 
ejecta from Cleomedes A, B, C, E, and J. 

Pyroclastic and Cryptomare Deposits in Gauss Crater.  
Gauss is a Nectarian-age impact crater (D = 177 km) located 
south of Humboldtianum basin at 36°N, 79°E.  Gauss exhib-
its floor fractures, and most of the floor was mapped as light 
plains material by Wilhelms and El-Baz [9].  These authors  
mapped a small, localized dark mantle deposit of pyroclastic 
origin in the southern portion of the floor of Gauss crater.  In 
general, lunar dark mantle deposits exhibit fine-textured 
surfaces with a smooth, velvety appearance.  Characteristi-
cally, these deposits are low-albedo (0.079 – 0.096) units 
that appear to cover and subdue the features of the underly-
ing terrain [e.g., 1,2,10,11].  In contrast to large, regional 
pyroclastic deposits such as the Aristarchus plateau (~50,000 
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km2), smaller, localized dark mantle deposits usually have 
areal extents <1000 km2 and are typically associated with 
small, endogenic craters that lack rays, are non-circular, and 
are elongated along fractures.  We used these characteristics 
to identify previously unknown dark mantle deposits of py-
roclastic origin in the Gauss region. 

A total of six localized pyroclastic deposits were identi-
fied and investigated on the interior of Gauss crater.  The 
NAC images show that in all instances, the dark material is 
draped over rough, irregular terrain.  No flat mare ponds or 
lava flows were were observed at these locations.  The pyro-
clastic deposits range in diameter from 4.4 km to 22.3 km.  
The FeO abundances range from 11.0 wt.% to 14.6 wt.%, 
and the TiO2 values are between 1.0 wt.% and 1.6 wt.%.  
These FeO and TiO2 values are much higher than the aver-
age FeO and TiO2 concentrations measured for the Gauss 
light plains deposits (4.0 wt.% FeO and 0.3 wt.% TiO2) and 
are consistent with a mixture of basaltic debris with minor 
amounts of highlands material.  All of these pyroclastic de-
posits exhibit source vents or vent candidates, and four de-
posits are associated with floor fractures. 

 
Figure 2.  Portion of a mosaic of NAC frames M1100701900L&R.  
P indicates pyroclastic deposit. 

Two of the Gauss pyroclastic deposits have very well de-
veloped vent systems.  The first of these is located on the 
western portion of the crater floor.  The dark mantle unit is 
11.1 km in diameter (Figure 2).  It exhibits a maximum FeO 
value of 13.3 wt.% and a maximum TiO2 concentration of 
1.0 wt.%.  The probable source vent is centered on the de-
posit and is elongated along a floor fracture.  It is 2.8 km 
long and has a maximum width of 2.1 km.  The maximum 
depth of the source vent is 216 m.  Most of the vent interior 
is mantled with dark debris, but blocks are visible in a few 

areas.  The second deposit is located in the northern interior 
of Gauss B crater.  The dark deposit is 9.5 km in diameter.  It 
exhibits a maximum FeO concentration of 14.6 wt.% and a 
maximum TiO2 value of 1.6 wt.%.  The vent complex con-
sists of a series of endogenic craters aligned along a NW-SE 
trending fracture (Figure 3).  The vent complex is 17 km in 
length, 3 km wide, and has a maximum depth of 230 m. 

 
Figure 3.  Portion of a mosaic of NAC frames M180645016L&R. 

A small impact crater (D = 6.0 km) was identified in the 
southern portion of the floor of Gauss that excavated FeO-
rich (10.9 wt.%) and TiO2-rich (1.4 wt.%) material from 
beneath the light plains deposit.  This crater exhibits a faint 
dark halo.  Another small crater in the same area also expos-
es FeO-rich material.  Hence, a cryptomare deposit may exist 
in the southern floor of Gauss. 

Belkovich Cryptomare Deposit.  Belkovich is a Nectari-
an-age impact crater (D = 198 km, 61.5°N, 90°E) just NE of 
Mare Humboldtianum.  A small dark-haloed impact crater 
(D = 1.4 km) exposed FeO-rich (9.2 wt.%) debris from be-
neath light plains deposits in Belkovich.  A small mare de-
posit appears to have been buried by ejecta from the young 
Hayn crater. 
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