
488 J. Cuzzi et al.

Fig. 15.32 Samples of six different Polycyclic Aromatic Hydro-
carbon (“PAH”) molecules; from left to right and back to front:
C48H20; C22H12; C20H12; C22H12; and C36H16; C40H18; C42H48.
PAHs dominate the organic component of the interstellar medium. The
visual colors are all reddish. These are much smaller molecules than
the macromolecular “tholins” that are often used to mimic planetary or-
ganics; they may act alone or as subunits within tholins to provide a
reddening agent (see also Section 15.6.3)

Nanohematite (very fine-grained hematite or Fe2O3) is
a strong UV absorber that matches the spectral structure
observed in spectra of Saturn’s rings (Fig. 15.33) and has
no strong IR absorptions. Nanohematite has muted spectral
features compared to larger grained hematite, due to crystal
field effects at grain surfaces and the high surface to volume
ratio when the particles are less than a few tens of nanome-
ters in diameter (Morris et al. 1985). Clark et al. (2008b,
2009) have used combinations of nanohematite and carbon
or fine-grained metallic iron to model the spectra of var-
ious of Saturn’s icy satellites, and showed that admixture
of un-oxidized fine-grained iron along with the (oxidized)
nanohematite led to improved fits across the entire visual
range. Analog laboratory spectra indicate that nanohematite
abundance of only 0.25 wt% is needed to match spectra of
the Cassini Division and C-ring, the more heavily contami-
nated rings. Less nanohematite might be needed to explain
spectra of the A and B rings because less dark material
is contaminating those rings, allowing increased multiple
scattering within the regolith. Such small abundances of

Fig. 15.33 (a, left): Photo of hematite showing its redness as a solid
and suspended in water. (b, right): Laboratory analog models with
metallic iron, nano-hematite, carbon black, and water ice are compared
to VIMS spectra of the C-ring and Cassini Division. The Cassini Divi-
sion VIMS spectrum is from S42, Rev 75 LATPHASE00, Phase Angle
D 19 degrees, a 41 pixel average, and the C-Ring VIMS spectrum is
from the same observation, Phase Angle D 19 degrees, a 69 pixel aver-
age. Spectra A-D are laboratory analogs all at 84–90 K at a phase angle
of 20 degrees and have been scaled close to the rings spectra to illustrate
varying UV absorber and NIR slopes. A) H2O C 2% (75:25 nano-iron
(metallic): nano-hematite), B) H2O C 1% (75:25 nano-iron (metallic):

nano-hematite), C) H2OC0:25% nano-hematite C 0.25% carbon black
C 33% metallic iron <10!m, and D) H2O C 0:5% carbon black C
0.25% nano-hematite. The nano-metallic iron and nano-hematite sam-
ples contain approximately 100 nm diameter particles. Particles much
smaller than the wavelength of visible light produce NIR blue slopes
while the addition of larger grains of metallic iron produces NIR red
slopes in agreement with the ring observations. Clark et al. (2008b)
argue that the amount of metallic iron in the ring particles could be
10–30 times smaller than in the sample shown here (to avoid violat-
ing microwave observations; Chapter 2), if finer grained iron were used
instead of the <10!m grains shown here


