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Introduction:  When Titan was first visited by Pi-

oneer 11 on 1979-09-01T18:00:33 at a Saturn planeto-

centric solar longitude (LS♄) of 353.67°, it viewed an 

orange haze obscuring the surface, and a southern hem-

isphere brighter than the northern hemisphere at blue 

wavelengths [1]. A similar appearance was seen over 

the next two years by Voyagers 1 and 2 on  1980-11-

12T05:41:21 and 1981-08-25T09:38:01  and at a LS♄ 

of 8.60° and 18.14° respectively [2,3]. Voyager 2 addi-

tionally detected distinct haze layers with unique opti-

cal properties and a northern polar "collar" that is dark 

at short wavelengths [3]. With the Cassini-Huygens 

mission, observing Titan from 2004-10-26T15:20:33 to 

2017-09-13T17:19:52 over the range of LS♄ from 

297.27° to 93.36°, both atmospheric and surfaces fea-

tures were observed. In this work, we use data from all 

missions to describe the properties of atmospheric an-

nuli related to the evolution of Titan’s seasonal circula-

tion.  

Observation: We have observed an atmospheric 

band or annulus encircling Titan during the Cassini 

mission using the Visual and Infrared Mapping Spec-

trometer (VIMS). The band was first seen in the T096 

flyby at 1.147 μm in VIMS Infrared (VIMS-IR), with 

the flyby occurring on 2013-11-30T20:54:16 at an LS♄ 

of 51.20° (Figure 1). This band forms a closed bright 

annulus, centered latitudinally within 5° of the north 

pole. The outer edge of the annulus extends to 60N and 

has a variable width of 10-15°. Further inspection of 

the “Inclination-1” series of flybys from T084 to T110 

revealed the bright north polar annulus (BNPA) to be a 

common feature, appearing in nearly all flybys. These 

flybys constituted a wide range of emission, incidence, 

and phase angles demonstrating that as long as the high 

northern latitudes were observable, the BNPA was 

detectable. The BNPA extends far past the terminator, 

to a solar incidence angle of ~105-115°. This suggests 

that the BNPA is a high altitude feature, likely at least 

as high as the South Polar Vortex (SPV) [4]. 

Examining further flybys revealed that the equator 

also has an atmospheric band with identical spectral 

behavior and a similar latitudinal width. This equatorial 

annulus is detectable in the first Titan flyby T00A at  

2004-10-26T15:20:33 and a LS♄ of 297.27° and per-

sists for the majority of the mission, becoming less 

apparent and detectable as we go further towards 

northern summer. The bright equatorial annulus 

(BEQA) seems to be closely associated with the north 

south atmospheric dichotomy (AD) [1,2]. A compari-

son between Voyager 1’s observation of Titan and a 

mosaicked hemispheric view of Titan as seen during 

the T061 flyby on 2009-08-25T14:36:06 at a LS♄ of 

0.50°, in the VIMS Visible channels (VIMS-Vis) re-

veals the same AD seen from 1979-1981 (Figure 2). A 

transect of T061 along the line of the subspacecraft 

longitude reveals that at the border of the AD a small 

divot and bump exist at 497 and 893 nm respectively 

from 10S° to 5N°. Applying empirical atmospheric 

corrections such as a 3D locally weighted scatter 

smoothing correction to the hemispheric view of Titan, 

removes the AD and reveal the divot and hump as 

broad equatorial bands i.e. the BEQA.  

Figure 2: (Left) NASA ID: P-23076, Titan observed 

by Voyager 1 Narrow Angle Camera in its clear filter. 

Colored to recreate Titan's true color. (Right) T061 

mosaicked orthographic view of Titan at 498nm. Col-

ored to recreate NASA ID: P-23076.  

Figure 1: T096 mosaicked orthographic view  of Titan 

at 1.147μm. An empirical correction has been applied 

to accentuate the annulus. 
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At 893nm the equatorial band is a bright feature 

similar to what is seen at 1.147 μm and appears to ex-

tend entirely across the disc (note that in these hemi-

spheric views only pixels that intercept the surface en-

tirely are used). At 497nm the equatorial band is a dark 

feature, giving rise to the dark equatorial annulus 

(DEQA). The DEQA only appears to extends part way 

across the disk, tapering away and terminating much 

sooner than the BEQA. This may be indicative of the 

DEQA occurring lower in the atmosphere than the 

bright annulus. A similar dark annulus can be found at 

the north (DNPA), and is  closely associated with the 

BNPA. A unique aspect of the DNPA is that it appears 

to move with increasing wavelength from a lower lati-

tudinal extant to a higher one. At around 430nm the 

DNPA seems to straddle a bright annulus which is not 

seen in the equatorial band. It is also clear in the 

DNPA that this feature does not extend past the termi-

nator unlike the BNPA, further suggesting the dark 

annuli exist lower in the atmosphere than their bright 

counterparts.  

Spectra: We find the annuli are bright and detecta-

ble at methane absorption channels, peaking at the cen-

ter of the methane channels and disappearing as we 

approach the methane windows where the surface is 

visible. The annuli are brightest in the IR channels at 

1.147 μm while in the Vis channels the annulus peaks 

at 885 nm. The bright annuli are detectable in the me-

thane channels from .731 to 2.418 μm. The strongest 

methane absorption channels occur around 3.3 μm 

[5,6] though the annulus is not detected in these chan-

nels, most likely because of a lack of solar flux at long-

er wavelengths, leading to a decrease in the signal to 

noise ratio (SNR). Based on the methane spectrum and 

a manual search, the surface of Titan is usually visible 

when the absorption cross section (cm2/mol) falls be-

low 1E-27. The surface however, is not detectable 

short of 650nm though most of the CH4 spectrum be-

tween 400 and 600 nm is below this 1E-27 threshold. 

While the surface is not seen, this range does define the 

spectral extent of the dark annuli. 

Seasonality: Throughout the Cassini mission there 

was no detectable south polar annulus. In 2002, Roe et 

al. observed a south polar annulus or “collar” using the 

W. M. Keck II telescope in two narrowband filters at 

1.158 and 1.702 μm (See FIG 1 of [7]). These observa-

tions were done on 1999-10-30T11:00:00, 2000-08-

17T 15:36:00, and 2001-02-20T06:24:00 at LS♄ of 

229.82°, 240.41°, and 247.26° respectively. The equa-

torial annulus was seen at a LS♄ between ~295° - 40° 

while the north polar annulus was seen from about 40° 

- 90°. Our analysis of the AD as seen by VIMS sug-

gests that the AD is attributable or related to the equa-

torial manifestation of the annulus. As such we believe 

the equatorial annulus was seen in the form of the AD 

during the Pioneer 11, Voyager 1 and 2 flybys at LS♄ of 

353.67°, 8.60°, and 18.14° respectively [1,2,3]. Fur-

thermore it is apparent that the dark northern collar 

seen at short wavelengths by Voyager 2 is the DNPA 

we report here. Taken all together we find that Titan’s 

annuli are a single annual atmospheric feature, which 

moves discretely from the south (70S°±7.5°), to both 

the south and the equator (70S°±7.5°, 0°±7.5°), to the 

equator (0°±7.5°), to the equator and the north 

(0°±7.5°, 70N°±7.5°) and finally to the north 

(70N°±7.5°).  

Discussion: Through the course of this work we 

have analyzed several explanations for the annuli. The 

first and most obvious is a high altitude cloud. The 

annulus however, exhibits a reversed spectral behavior 

from tropospheric and stratospheric clouds, has no cor-

relation with the occurrence of any clouds, and is mor-

phologically distinct from the other long arc clouds [8].  

For the same reasons we have ruled out any relation to 

the SPV [4]. Additionally the SPV is bright up to 5 μm 

and particularly bright at 3.21 μm which is attributed to 

HCN ice; these are features the annuli distinctly lack. 

Given its bright appearance, northern and southern 

extent, and morphology as a closed annulus, we also 

investigated the possibility that the annulus was an au-

roral phenomena. Further supporting evidence for this 

idea was the occurrence of the BNPA correlated with 

increased sunspot activity, and that the brightest and 

clearest observation of the annulus occurred during the 

T096 flyby, when Titan was outside Saturn’s magnetic 

field for the only time during the Cassini Mission [9]. 

With the observation of the equatorial annulus and the 

lack of simultaneous north and south polar annulus 

observations, we believe the interpretation of an aurora 

to be implausible. We conclude that the annulus is re-

lated to Titan’s circulation and the movement of its 

Hadley cells [10].  
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