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Introduction: Low-albedo pyroclastic deposits oc-

cur on the east side of J. Herschel crater (-37.2°E, 

61.8°N), to the east of J. Herschel C and to the northeast 

of J. Herschel D (Fig. 1A) [1-5]. The deposit is known 

for having a strong mafic band, suggesting the presence 

of a juvenile olivine and/or glass component [1-4]. Ju-

venile materials in pyroclastic mantling deposits are 

thought to originate from deep within the Moon and 

may represent some of the earliest volcanic deposits as 

well as the least fractionated [e.g., 6]. It is, therefore, 

essential that we gain an improved understanding of 

these deposits and characterize their compositions and 

formation. The objectives of this study are to: 1) char-

acterize the major iron-bearing components of the pyro-

clastic deposits, including pyroxene, olivine, and vol-

canic glass, to investigate how the deposits may have 

formed; and 2) consider eruption characteristics of the 

pyroclastic deposits. 

Data and Methods: Calibrated and corrected data 

from LRO’s Narrow Angle Camera (NAC), Ka-

guya/SELENE’s Multiband Imager (MI), and Ka-

guya/SELENE’s Terrain Camera (TC) provide new in-

sights into the deposits of J. Herschel crater at the out-

crop-scale, specifically their morphology at ~0.5 to 2 m 

scales [7], topography at the ~10 m scale [8], composi-

tion from the UVVIS spectral range (414-1000 nm) at 

~20 m, and composition from the NIR spectral range 

(1000 nm – 1550 nm) at ~62 m, the latter two over a 

total of nine bandpasses [9-10]. 

NAC images include coverage of ~50% of the east-

ern half of J. Herschel crater at 0.6 m/pixel or better at 

moderate incidence angles of 64-69°. All of the deposits 

have been imaged at ~1.8 m/pixel at similar incidence. 

The NAC images are ideal for interpreting morphology.  

Topography is derived from the global TC digital terrain 

model (DTM); these data are sampled to 7.403 m [8].  

Using the methods implemented by Lemelin et al. 

(2015) for the spectral analysis and modeling [11], we 

corrected the systematic offsets between the UVVIS and 

NIR MI detectors by ratioing the 1000(NIR) reflectance 

to the 1001(UVVIS) reflectance. This difference is not 

uniform within a single scene or at the global-scale [11]. 

The continuum, defined as a straight line between 750 

nm and the adjusted 1550 nm reflectance values, was 

removed prior to compositional interpretation of the 1-

micron feature. The 1-micron region can be used to infer 

olivine, low-Ca pyroxene, high-Ca pyroxene, plagio-

clase, and basaltic glass components in the J. Herschel 

deposits [e.g., 1-4, 12].  

Trends in FeO- and TiO2-contents were determined 

from 414, 750 and 950 nm (UVVIS) MI bands [methods 

of 10,11]. However, the standard TiO2 and FeO map-

ping techniques do not provide quantitative values for 

pyroclastics owing to the difference in spectral absorp-

tions in the UVVIS region resulting from Fe- and Ti-

related absorptions in transparent and short-ordered 

glass compared to crystalline mafic minerals [e.g., 13-

15]. Furthermore, mapped FeO content is more sensitive 

to maturity effects than is TiO2, and both have grain size 

sensitivities [13]. The maps were utilized to assess com-

positional trends in the areas around the pyroclastics. 

 
Fig. 1. A) J. Herschel crater and pyroclastic deposit (white outline); LROC WAC basemap. B) Extent of pyroclastic 

deposit (dark brown); Kaguya MI false color ratio (R=901, G=749; B=414 nm). Data gaps result from high latitude 

shadows. C) WAC normalized reflectance (643 nm), highly contrast stretched to reveal pyroclastics. Candidate 

source vents = orange numbers. 
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Description of deposits: The pyroclastics of J. Her-

schel crater are distinct in MI RGB color ratio images 

(Fig. 1B), and low-albedo areas are visible in LRO’s 

Wide Angle Camera (WAC) normalized reflectance 

maps (Fig. 1C). The dark mantling deposits occur along 

an irregular network of graben in the floor of J. Her-

schel. The concentrations of low-albedo deposits 

around several irregular pits and craters suggest multi-

ple sources along a complex fissure [5]. Four irregular 

craters and at least three fissure segments are associated 

with the dark deposit. Mantled terrain is apparent in 

NAC images and pyroclastics have slipped from steep 

graben and crater walls into topographic lows over time. 

Composition: Our initial analysis of the continuum-

removed spectra are consistent with those previously 

described [1-4]. Moving away from the vent, as albedo 

decreases, the 1-micron band strength decreases and 

narrows (Fig. 2). Highland and mare spectra also tend 

to have absorption centers around 950 nm (observed in 

“crater floor” and “mare basalt” spectra), while glassy 

deposits have centers at wavelengths longer than 1000 

nm (observed at “vent exterior”). A shoulder ~1350 nm 

on the vent exterior spectrum suggests olivine [3-4]; 

however, a similar signature can also be generated by a 

mixture of low-Ca pyroxene and Fe-bearing glass [1, 

16]. The pyroclastic deposit appears enhanced in FeO-

content relative to its surroundings (~12 wt% FeO vs. 9 

wt% FeO) suggesting a volcanic glass mantle on non-

mare, highland materials [3]. TiO2 is low (~0.05 wt%) 

and no corresponding TiO2 enhancement is observed, 

suggesting a possible green glass composition [e.g., 1]. 

Eruptions: The pyroclastic eruptions in J. Herschel 

crater likely resulted from floor-fractured crater vol-

canic activity [e.g., 17,18], where magma intruded be-

neath a pre-existing impact crater and pressures were 

sufficient to propagate gas and magma to the surface. 

Eruptions became focused at the crater/vent locations. 

In the south, the deposit is roughly 20 km in width (east-

west), with an elongated vent (#1) that is roughly 8 km 

in maximum width (Fig. 1C). The V-shaped vent inte-

rior and an interior elevation below that of the surround-

ing terrain suggest predominantly explosive eruptions 

followed by vent collapse as magma and gas pressure 

declined [3]. The observed distribution of juvenile ma-

terials is typical of relatively cool, localized eruptions 

[e.g., 1] where the gas-rich eruption is initially broadly 

spread, but the plume’s extent decreases as magmatic 

gas is depleted, concentrating juvenile materials proxi-

mal to the vent. 

References: [1] Jawin et al. (2015) JGR-P 10.1002/ 

2014JE004759. [2] Gaddis et al. (2000) JGR 105: 4245-

4262. [3] Hawke et al. (1989) Proc. LPSC: 255-268. [4] 

McCord et al. (1981) JGR 86: 10883-10892. [5] Hawke 

and Head (1980) LPSC, pp 416-417. [6] Delano 1986 

Proc. LPSC, D201-D213. [7] Robinson et al. (2010) 

Space Sci. Rev. 150: 81-124. [8] Haruyama et al. (2012) 

LPSC #1200. [9] Ohtake et al. (2008) Earth, Planets, 

Space 60: 257-264. [10] Otake et al. (2012) LPSC 

#1905. [11] Lemelin et al. (2015) JGR-P 10.1002/ 

2014JE004778. [12] Trang et al. (2017) Icarus 283: 

232-253. [13] Lucey et al. (2000) JGR-P 105: 20297-

20305. [14] Wilcox et al. (2006) JGR-P 10.1029/ 

2006JE002686. [15] Stockstill-Cahill et al. (2014) JGR-

P 10.1002/2013JE004600. [16] Horgan et al. (2014) Ic-

arus 234: 132-154. [17] Head and Wilson (2017) Icarus 

283: 176-223. [18] Jozwiak et al. (2015) Icarus 248: 

424-447. 

 
Fig. 2. A) East-looking oblique view made from Kaguya MI color ratio image draped over hillshade (north is to the 

left). R=750/414, G=750/1000, B=414/750nm. Yellow-orange indicates enhanced iron content. Data gaps result from 

high latitude shadows. Dots with letters indicate spectra locations (V=vent exterior, D=dark, I=intermediate, C=crater 

floor) [cf. 1]. B) Continuum-removed spectra (NIR normalized to ratio 1000/1001 nm bands). A band center >1000 

nm in “vent exterior” (red line) suggests the presence of significant glass. “Mare basalt” spectrum from south of J. 

Herschel crater (Fig. 1A bottom right corner). 
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