
FIRST HIGH SOLAR PHASE ANGLE OBSERVATIONS OF RHEA USING CASSINI VIMS: UPPER 
LIMITS ON GEOLOGIC ACTIVITY.  K. M. Pitman1, B. J. Buratti1, J. A. Mosher1, J. M. Bauer1, T. W. 
Momary1, R. H. Brown2, P. D. Nicholson3, M. M. Hedman3, and the Cassini VIMS Team. 1Jet Propulsion Labora-
tory, California Institute of Technology, 4800 Oak Grove Drive, Pasadena, CA 91109 USA 
<Karly.M.Pitman@jpl.nasa.gov>, 2Lunar & Planetary Laboratory, University of Arizona, 1629 E. University Blvd., 
Tucson, AZ 85721 USA, 3Dept. of Astronomy, Cornell University, Ithaca, NY 14853 USA 

 
 

Introduction: The Cassini-Huygens mission is cur-
rently exploring Saturn and its icy satellites to infer 
their internal structures and individual geological his-
tories and to identify evidence of cryovolcanic activity.  
Of the ~ 60 Saturnian moons, Titan and Enceladus are 
known to be geologically active, the former presenting 
evidence for erosion by liquid and winds, tectonism, 
cryovolcanism and impact cratering [1-2], and the lat-
ter showing evidence for geyser-like plumes [3-7].  
However, there are indications that other Saturnian icy 
satellites may be geologically active as well.  The 
strongest evidence in support of this is the detection of 
plasma trails on Tethys and Dione as measured by 
CAPS [8].  Recent modeling works [9-11] suggest that 
medium-sized Saturnian icy satellites may have sub-
surface oceans (i.e., internal liquid layers melted from 
H2O ice) and, further, that medium-sized icy satellites 
with thin ice shells may have the potential to show a 
similar mechanism of plume activity to the one seen on 
Enceladus.  In a solar phase curve constructed from 
radiances acquired by Cassini’s Visual and Infrared 
Mapping Spectrometer (VIMS; [12]), Enceladus’s 
plume can be seen as a peak occurring at high phase 
angle (α ~ 160o).  By comparing the brightness of 
Enceladus at its high angle solar phase curve peak to 
similar data for other Saturnian icy satellites, we may 
be able to set upper limits on the amount of geologic 
activity that may be occurring on those moons.  In this 
work, we use Cassini VIMS’s full excursion in solar 
phase angle data for Rhea (extended to αmax ~ 160o, 
compared to αmax = 68o measured by Voyager narrow 
angle camera images [13]) to yield information on 
whether or not Rhea shows any evidence for plume 
activity. 
Why Rhea?: Rhea, a medium-sized icy satellite (Voy-
ager imaging radius 764.4 +/- 1.1 km [14]; GM ~ 
154.0499 +/- 0.1060 km3s-2, [15]; mean density ~ 1233 
+/- 5 kg m-3; average geometric albedo ~ 0.7 [16]), is 
densely cratered and shows little evidence that resur-
facing has occurred [17-19].  Therefore, it is generally 
considered to be geologically inactive.  This view is 
supported by the Cassini UVIS stellar occultation 
measurement of Rhea, where neutral oxygen was de-
tected in emission but the existence of a plume on 
Rhea was not observed (C. Hansen, personal commu-
nication).  However, if Rhea has a differentiated inte-
rior (cf. [20]), recent models suggest that subsurface 

ocean reservoirs may be possible for Rhea and that its 
thick (>100 km) ice shell could be preventing escape 
of that liquid [11].  Thus, Rhea may not be entirely 
dead.  Because there has only been one UVIS stellar 
occultation measurement of Rhea and the UVIS stellar 
occultation for Rhea covered essentially an equatorial 
ground track, if a small plume existed on Rhea in an 
area far removed from the equator, it may have gone 
undetected (n.b., UVIS did not detect plume activity in 
the first two Enceladus occultations).  Though Ence-
ladus is likely the primary contributor of material to 
Saturn’s E-ring  [21-23], Rhea's proximity to the outer 
edge of the E-ring demands that we rule it out as a con-
tributor to the E-ring definitively. A ring has also been 
discovered around Rhea using Cassini's Magneto-
spheric Imaging Instrument (MIMI) [24].  If Rhea can 
be shown definitively to be geologically inactive, the 
origin for this new ring can be assumed to be colli-
sional only.    
Methodology: Cassini VIMS provides intensity over 
flux spectra for all of the icy satellites (see comparison 
by [25]) and the radiance information necessary to 
construct solar phase curves.  VIMS is an imaging in-
strument consisting of two integrated, bore-sighted slit-
grating spectrometers with separate reflecting tele-
scopes; the combined spectral range that both VIMS 
detectors covers is λ ~ 0.34-5.1 µm.  We first searched 
for Rhea and Enceladus Cassini VIMS observations 
from phase angles ranging from 90-180o (quarter 
moon).  We use data from the VIMS-IR spectrometer 
only (a detector with a 1-D focal plane and 2-D IFOV, 
spanning λ = 0.8-5.1 µm at a nominal spectral sam-
pling of 16.6 nm per band), selecting a subset of the 
256 total near-infrared wavelength bands: 0.900753 
µm, 0.998820 µm, 1.524210 µm, 1.804010 µm, 
2.017810 µm, 2.232820 µm, and 3.596100 µm.  VIMS 
returns raw data numbers (DNs) for each spectral 
channel at each spatial pixel.  We flat-fielded and 
background-subtracted this signal and removed single-
pixel, single-spectral channel ``spikes'' due to cosmic 
rays and radiation from Cassini's nuclear power gen-
erators using the VIMS data calibration pipeline.  To 
convert to radiances, we multiplied the DNs by a ra-
diometric response function for each pixel (Brown et 
al. 2004, updated by in-flight stellar calibration).  We 
then normalized all the VIMS radiances to 1.0 at phase 
angle α = 90o, removed anomalous peaks in the phase 
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curves, and selected the wavelength bands in which the 
plume of Enceladus peaks in the solar phase curve 
(occurring roughly at α ~ 160o).  The Enceladus plume 
peak shows up most strongly in the λ =  2.017810 µm 
data, and to lesser degrees in the λ = 2.232820 µm and 
1.804010 µm phase curves.  For each of these wave-
lengths, we fitted the Rhea VIMS radiances with a 
third-order polynomial.  Assuming a conservative error 
in the polynomial fits, we define +3σ from the Rhea 
radiances at α ~ 159-160o as the upper limit of any 
plume activity on Rhea (Fig. 1).  We will relate these 
fits to the column density value for water ice from 
Enceladus (nd = 1.5 x 1016 cm-2 [5]).  When VIMS so-
lar phase angle coverage for Tethys, Dione, and Mimas 
comparable to the highest solar phase angles for Rhea 
becomes available, this method may be used to rank 
their plume peak strengths as well. 
 

 
Fig. 1: Cassini VIMS radiance as a function of solar 

phase angle at quarter-moon (α = 90-180o), λ = 2.232820 
µm.  Symbols: normalized Rhea and Enceladus VIMS radi-
ances (every fifth data point of full datasets plotted).  Solid 
line: 3rd order polynomial fit to Rhea data.  Dashed lines: 
(polynomial fit to Rhea data) +/- 3σ.  No peak occurs in 
the Rhea phase curve, contrasted with a strong peak ob-
served in the Enceladus phase curve at α ~ 159o; the ratio 
of Enceladus to Rhea data at the peak ranges from ~10-
100, depending on wavelength.  

Acknowledgments: This work was performed at 
the Jet Propulsion Laboratory, California Institute of 
Technology, under contract to the National Aeronau-
tics and Space Administration. The Cassini-Huygens 
mission is a cooperative project of NASA, the Euro-
pean Space Agency, and the Italian Space Agency. 
KMP is supported by an appointment to the NASA 
Postdoctoral Program, administered by Oak Ridge 
Associated Universities.  

References: [1] Lopes R. M. et al. (2007) Ameri-
can Astronomical Society, DPS meeting #39, Abstract 
#44.01. [2] Stofan E. R. et al. (2006) Icarus, 185, 443-
456.  [3] Dougherty M. K. et al. (2006) Science, 311, 

1406-1409.  [4] Waite J. H. et al. (2006) Science, 311, 
1419-1422.  [5] Hansen C. J. et al. (2006) Science, 
311, 1422-1425.  [6] Spencer J. R. et al. (2006) Sci-
ence, 311, 1401-1405. [7] Porco, C. C. et al. (2005) 
Science, 307, 1226-1236.  [8] Burch J. L. et al. (2007) 
Nature, 447, 833-835.  [9] England C. (2003) Bull. 
Am. Astron. Soc., 35, #15.02.  [10] Rainey E. S. and 
Stevenson D. J. (2003) Amer. Geophys. Union 84 (46), 
Fall Meet. Suppl. Abstract P51B-0447.  [11] Huss-
mann H., Sohl F., and Spohn T. (2006) Icarus, 185, 
258-273.  [12] Brown R. H. et al. (2004) Space Sci. 
Rev., 115, 111-168.  [13] Buratti B. J. and Veverka J. 
(1984) Icarus, 58, 254-264.  [14] Thomas P. C. et al. 
(2006) LPS XXXVII, Abstract #1639.  [15] Jacobson R. 
A. et al. (2005) Bull. Am. Astron. Soc., 37, # 47.11.  
[16] Clark R. N. et al. (1986) in Saturn, University of 
Arizona Press, Tucson, AZ, p. 437-491.  [17] Moore J. 
M., Horner V. M., and Greeley R. (1985) JGR, 90 
(suppl.), C785-C796. [18] Plescia J. B. (1985) NASA-
TM 87563, 585.  [19] Wagner R. J. et al. (2007) LPS 
XXXVIII, Abstract #1958.  [20] Consolmagno G. J. 
(1985) Icarus, 64, 401-413.  [21] Pang K. D. et al. 
(1983) LPS XIV, 592-593.  [22] Buratti B. J. 1988, 
Icarus, 75, 113-126. [23] Verbiscer A. et al. (2007) 
Science, 315, 815.  [24] Jones G. H. et al. (2007) Na-
ture, in press.  [25] Filacchione G. et al. (2007) Icarus, 
186, 259-290. 

 
 

Lunar and Planetary Science XXXIX (2008) 1387.pdf


