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INTRODUCTION 
In recent years, increasing attention has been devoted to lunar dark mantle deposits of pyroclastic origin.'-5 
These deposits provide important clues concerning the composition, distribution, and modes of 
emplacement of the products of explosive volcanism on the Moon. Sample studies of volcanic glasses 
thought to be representative of certain regional pyroclastic deposits have provided important insights into 
the composition of the lunar mantle as well as eruption  mechanism^.^,^-* In addition, it has been suggested 
that pyroclastic deposists might prove to be an important source of lunar resources as well as an excellent 
site for a lunar 

We have been conducting detailed remote sensing and geologic studies of lunar pyroclastic deposits. Most 
recently, we presented the results of our investigation of dark mantling material on the south-central 
portion of the western limb in support of the Galileo enco~nter .~  This study extends our previous work 
to include the northwestern limb region. The purposes of this report are as follows: (1) to present 
descriptions and locations of newly identified pyroclastic deposits, (2) to assess the reality of previously 
identified dark mantle deposits, (3) to present albedo and color data for NW limb pyroclastics, and (4) 
to determine the eruption mechanism responsible for the emplacement of the various deposits. 

METHOD 
Dark mantling deposits on the northwestern limb were initially identified on rectified Earth-based 
photographs and confirmed through detailed geologic analyses of Lunar Orbiter frames. In general, the 
lunar dark mantle deposits blanket and subdue underlying terrain, and exhibit low albedoes. The smaller, 
localized deposits (LDMD) are more prevalent on the west limb than are the large regional deposits 
(RDMD). The LDMD are typically associated with small, endogenic dark halo craters (<3 km diameter) 
and/or floor fractures. The endogenic "volcanic" craters differ from exogenic impact craters in that they 
lack obvious crater rays and are generally non-circular in shape. Zond images were used to confirm Earth- 
based telescopic albedo determinations. Also, the newly available Galileo SSI images were utilized to 
investigate both the albedo and multispectral properties of these deposits. 

OBSERVATIONS 
Seven pyroclastic deposits were examined in this study: 3 in the Lavoisier region, one SE of Gerard, 
Briggs A, Cardanus, and Lichtenberg,. 

Lavoisier Region: Numerous floor-fractured craters have been described in the vicinity of 
Lavoisier crater (3S0N, 81°W) which is in the highlands bordering northwestern Oceanus 
 roce ell arum.'^ Pyroclastic deposits are associated with three of these craters. Lavoisier is a pre- 
Nectarian age crater that is 70 krn in diameter. The large annular fractured floor of Lavoisier 
exhibits numerous low-albedo patches along the fractures. Candidate source vents have been 
identified. Lavoisier F is a 33 km crater located immediately southeast of Lavoisier. A relatively 
thick dark mantle deposit occurs on the southwestern portion of the crater floor. One primary 
source vent has been identified but one or more additional vents appear to be required to accout 
for the areal extent of the deposit. Lavoisier H is a 29 krn crater northeast of Lavoisier. Much 
of the crater floor is blanketed by varying amounts of pyroclastic debris. The distribution pattern 
has been somewhat obscurred by a small, fresh impact crater on the floor. Minor amounts of 
highlands terrain northeast of Lavoisier H also appear to be mantled with pyroclastic material. 
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Several other floor-fractured craters are located in the Lavoisier region but none exhibit 
identifiable pyroclastic deposits. The floor of Lavoisier E was partially flooded by mare basalt 
prior to uplift and fracturing. Other floor-fractured craters in this region, such as Bunsen and 
Lavoisier B, contain neither mare basalt nor pyroclastic debris.' 

Soztfhcast of Gerard: Scott et al." mapped a dark mantle deposits superposed on a light plains 
unit in the floor of an unnamed pre-Nectarian crater (44ON, 77OW) southeast of Gerard crater. 
This ancient unnamed crater is approximately 85 krn in diameter and is partly flooded by the mare 
basalts of Oceanus Procellarum. No obvious source vents can be seen in the vicinity of the dark 
mantling unit. The dark material occurs on only relatively smooth, flat surfaces and does not 
mantle rugged highlands terrain. The distribution of low albedo material appears to be controlled 
by pre-existing topography. This dark mantle deposit may prove to be a very old Illare basalt unit. 
Additional studies will be required to deternline the nature and origin of this dark mantling 
material. 

Briggs A Cruter: Briggs A is a scalloped, low-albedo crater (27"N, 74"W; diameter of 23 k n ~ )  
superposed on the rill1 of Russell, a pre-Nectarian impact structure in the northwestern portion of 
Oceanus P roce l l a run~ . '~~ '~  Sc l~u l t z '~  first noted the unusual appearance of Briggs A and suggested 
that it may represent a volcanic, or volcanically modified, structure. The floor, portions of the 
wall, and much of the crater rim are mantled with low-albedo material. It is unlikely that dark 
material was present in the Briggs A target site; other portions of the rill1 of Russell exhibit a 
relatively high albedo. The evidence suggests that Briggs A is a nonnal Imbrian-aged impact 
structure that was mantled by pyroclastic debris as a result of explosive eruptions that occurred 
during the same volcanic episode that resulted in the en~placen~ent  of nearby mare basalts. 

Sorrtlnvest of Cardanlrs: A dark mantle deposit of possible pyroclastic origin has been identified 
southwest of Cardanus crater ( l lON,  73OW). This low albedo unit is superposed on Cardanus 
ejecta and rugged highlands terrain. While the deposit is partly obscurred by Olbers A rays, it  
is distinct in all spacecraft imagery as well as Earth-based photographs. In addition, the Galileo 
multispectral images indicate thzt this deposit is spectrally distinct. 

Liclttenberg Crater: Lichtenberg is a 20 krn diameter impact crater in northwestern Oceanus 
Procellarum (32"N, Gs0W). The crater has long been considered unusual because its ray pattern 
has a prominent asymmetry in which the bright rays extend to the northwest in a 130" sector.I0 
Schultz and SpudisI2 noted that the southwestern portion of the Lichtenberg ejecta blanket was 
embayed by very young mare basalt. The albedo of the  southeaster^^ portion of the inner ejecta 
blanket is much lower than that of the ejecta to the northwest. Tlle hun~mocky inner ejecta is 
mantled by dark pyroclastic debris that was probably erupted during the same episode of 
volcanisn~ that was responsible for the basalt flows.' 
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