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INTRODUCTION:  We are studying lunar pyroclastic de-
posits to determine (1) their global distribution [1]; (2) total
range of compositions [2]; (3) the nature, extent, and timing
of their association with mare basalts; (4) their styles of
eruption and source depths; and (5) the implications of these
data for interpretation of lunar volcanic and thermal history.
Our current efforts focus on compiling a global database of
pyroclastic deposit distributions and characteristics [1].  As a
result of this work, 4 newly identified small pyroclastic (dark
mantle) deposits are characterized here, including those in the
craters Oppenheimer (35.5°S, 166.5°W; 208 km crater
diam.), Compton (56°N, 105°E; 182 km crater diam.), Nernst
(36°N, 95° W; 120 km crater diam.) and NE of Lavoisier
(41°N, 81°W; 50 km crater diam.).  Low-albedo lunar pyro-
clastic deposits have been divided into two categories based
on size: (1) Large deposits cover thousands of km2; (2) small
deposits generally blanket areas from 250 km2 to 550 km2 in
size [3,4].  The larger regional deposits are typically observed
in the highlands areas adjacent to lunar maria and are thought
to have originated with a Strombolian-type eruption mecha-
nism [5].  Small deposits are usually observed in association
with rilles, irregular depressions, or endogenic craters, which
are observed around the perimeters of the major lunar maria
and on the floors of Imbrian or pre-Imbrian craters; their
morphology suggests an eruption mechanism similar to ter-
restrial vulcanian eruptions [6].  Small pyroclastic deposits
have been subdivided into three classes based on composi-
tion, which reflect their “1-micron” or mafic absorption
bands in Earth-based spectra [2].  The first group typifies the
lunar highlands and indicates the presence of feldspar-bearing
mafic assemblages dominated by orthopyroxene.  Examples
of group 1 deposits are at Atlas (45°N, 45°E) and Franklin
(39°N, 48°E) craters.  The second group, characterized by
areas east of Aristoteles A (50°N, 28°E) and at Rimae Fres-
nel (28°N, 4°E), is similar to mature mare deposits which are
dominated by clinopyroxenes.  The third group is dominated
by olivine (thought to represent juvenile materials) and or-
thopyroxene (probably emplaced as a result of erosion and
entrainment of wall rock).  Small pyroclastic deposits at J.
Herschel  (62°N, 42°W), Alphonsus (13°S, 4°W), and south
of Crüger (16.7°S, 67°W) typify this group [2].

OBSERVATIONS:  Numerous large and small pyroclastic
deposits have been identified on the near side of the Moon
using a variety of data sets [1,3,4,5].  Deposits at Taurus-
Littrow Valley (20°N, 30° E) [7] and Aristarchus (47.4°W,
24°N) [8] typify large deposits, and those at Alphonsus [5],
Franklin [9] and J. Herschel [9] represent small dark mantle

deposits.  The recently available high spatial resolution (100
m/pixel) Clementine multispectral data enables us to examine
the global distribution of lunar pyroclastic volcanism.  Previ-
ous studies of the far side have detected small pyroclastic
deposits at Schrödinger (75°S, 134°E; 312 km crater diam.)
[10], Orientale basin (25°S, 98°W; 930 km basin diam.) [11],
Lavoisier (38°N, 80°W; 70 km crater diam.) [12], Apollo
basin (30°S, 153°W; 537 km basin diam.) [13] and Moscovi-
ense basin (25°N, 147°E; 445 km crater diam.) [14].  In this
study the Clementine global, 750-nm mosaics were system-
atically examined to search for previously unrecognized
(“new”) deposits.  We focused on the craters with floor frac-
tures and areas near mare deposits.  Pyroclastic deposits
were identified on the basis of their low-albedo, roughly cir-
cular shapes, and spatial association with rilles, floor frac-
tures or endogenic craters.  Several deposits observed appear
to be new contributions to those known on the far side in-
cluding those in Oppenheimer, Compton, Nernst and NE of
Lavoisier.

Oppenheimer (Fig. 1) is a Nectarian/Imbrian impact crater
located on the far side of the Moon within the South
Pole/Aitken basin [15].  There are at least 7 small “dark-halo”
deposits on the crater floor, all of which lie along fractures.
Oppenheimer resembles Alphonsus morphologically and in
the distribution of the small pyroclastic deposits.  Alphonsus
is approximately 118 km in diameter and contains 11 dark-
halo craters, with all but one centered on rilles or lineaments
[5]. The deposits in Alphonsus exist in two major clusters,
with a range in diameter from 4 to 11.6 km.

Compton is an Imbrian crater on the far side of the Moon in
the North Polar Region [16].  Pyroclastic deposits were first
noted by Lucchitta [16].  We have identified 4 small pyro-
clastic deposits; each located on a floor fracture.  The small
pyroclastic deposits range from 2 to 6 km in diameter, with a
larger deposit approximately 15 km in diameter.  These sizes
are comparable to those measured at Alphonsus.

Nernst is located on the northwestern margin of Oceanus
Procellarum, with Nectarian/Imbrian impact age [17].  One
small deposit is located on a floor fracture.

The crater NE of Lavoisier formed during Imbrian time and is
also on the northwestern margin of Oceanus Procellarum
[17].  The Eratosthenian mare deposit mapped by Scott et al.
[17] within the crater floor may be related to the 3 small py-
roclastic deposits nearby.
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SUMMARY:  The “new” deposits described here serve to
augment the known population and to extend the distribution
of lunar pyroclastic deposits on the Moon.  Analyses of
these data will provide a geologic context for current and
future lunar scientists using spectral data for studies of sur-
face composition, volcanic eruption and emplacement mecha-
nisms, resource evaluation, and manned lunar base site selec-
tion.  Results of such studies will help us to understand the
volcanic processes on the Moon that concentrate important
chemical elements such as useful metals (e.g. titanium and
iron) and may help planetary scientists identify targets for
more detailed study.  The resulting increased knowledge of
lunar magmatic evolution and processes forms the basis for
understanding magmatic processes on the other planets.
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Figure 1.  Oppenheimer Crater. Arrows indicate pyroclastic
deposits; the gray line approximates the crater rim.  The cra-
ter is about 200km wide.
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