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Introduction: The NASA Roadmap to Ocean 
Worlds [1] highlighted Triton as the highest priority 
candidate ocean world to target in the near-term. Tri-
ton’s retrograde and steeply-inclined (oblique) orbit 
reveal Triton’s unusual origin – as a captured Kuiper 
Belt Object – and suggest strong obliquity tides that 
could sustain a large subsurface ocean to the present 
day (fig. 1).  If an ocean exists, it is undoubtedly salty, 
hence conductive, leading to the prospect of detection 
via characterization of Triton’s inductive response due 
to Neptune’s magnetic field. A Jupiter gravity assist in 
~2032 enables a low-cost ballistic trajectory mission to 
Triton suitable for the Discovery 2019 call [2]. We 
present a summary of our analyses demonstrating de-
finitive ocean detection at Triton using magnetometric 
induction techniques [e.g. 3] in a single flyby, given 
reasonable assumptions about ocean characteristics. 

Figure 1. Trident’s highly-inclined (-23°) orbit of Nep-
tune causes significant obliquity tides which may result 
in considerable tidal heating [e.g 4]. The magnitude is 
highly uncertain, and depends greatly on Triton’s in-

ternal characteristics, especially the presence or other-
wise of an ocean.  If present, a lot of heat is generated 

which could drive ice shell geology. 

What makes single pass ocean detection possible 
at Triton? While icy world ocean detection and con-
firmation has never been reported from a single pass, 
in retrospect it may have been achieved before. The 
magnetic dipole signature detected during Galileo’s 
first close Europa flyby (December 19th, 1996) was 
oblique to Europa’s spin axis in a manner improbable 
for a core dynamo, and at scales inconsistent with 
those anticipated for plasma current structures [5]. 
Given what we now know, after multiple magnetomet-
ric investigations of icy worlds, and that the response 
magnitude was consistent with an induced field from a 

highly conductive shell, those data alone were strong 
evidence for an induced response, and in the absence 
of a sizeable ionosphere was compelling if not irrefu-
table for an ocean. But can this be done at Triton? 

Triton’s intense ionosphere [6] has the potential to 
cause a similar induction response to an ionosphere, 
similar to that proposed for Callisto, complicating our 
ability to detect an ocean [3, 7]. However, ocean detec-
tion at Triton benefits from a highly-variable inducing 
field due to its inclined orbit around Neptune, which 
itself has a tilted magnetic pole. In effect, Triton moves 
above and below Neptune’s magnetic equator at two 
separate cadences: one as Neptune’s magnetosphere 
rotates every ~14 hours (Tsyn), and one as Triton moves 
about its own orbit, once every ~141 hours (Torb) (Fig. 
2), cf. Jupiter’s Tsyn ~10 hours at the Galilean moons. 
This is relevant because longer periods penetrate to 
greater depths through conductive media. Furthermore, 
shorter wavelengths result in greater delays in phase 
response. Whilst complicating modeling efforts com-
pared with more single-period systems, this may 
lead to more unique fingerprints associated with 
different induction phenomena. 

Figure 2. The inducing magnetic field at Triton is dom-
inated by two distinct frequencies that “see through” 

conductive layers to different extents [8]. 
Model constraints: For the sake of this analysis, 

we do not consider internally generated fields which 
have never been detected associated with as small an 
icy world as Triton, and would likely be of significant-
ly different magnitude and orientation. We also assume 
that Neptune’s system-wide magnetic field phase 
structure, Triton’s local plasma interaction fields and 
Triton’s ionospheric density will be measured in situ 
by the magnetometer, radio science occultations and 
plasma spectrometer, as proposed for Trident [2]. 

Ocean. By analogy to other ocean worlds, assum-
ing that chemical equilibrium is reached, and given the 
greatest rock-to-ice ratio of any icy moon except Euro-
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pa [9], a Triton hydrosphere is expected with (water + 
ice) salinity of ≥5 wt% [e.g. 10]. Serpentinization and 
leaching will be advanced in the course of differentia-
tion. As salt water freezes, salt is expelled from the ice 
and becomes concentrated in the remaining liquid until 
it is saturated [e.g. 11] at ~30 wt%. We therefore pro-
pose 0.5-30 wt% salinity to be a conservative range. 
Triton’s density implies an H2O layer of ~230 ± 100 
km, and so starting ocean thickness of > 100 km. To-
gether we infer ocean conductivity of 0.5-15 S m-1 and 
conductance of >50,000 S, consistent with minimum 
constraint for Europa’s ocean [12]. 

Ionosphere. Triton’s ionospheric induction re-
sponse is functionally similar to an hypothesized 
ocean, and so challenging to differentiate. Voyager 2 
radio occultations revealed ingress and egress peak e- 
densities of 2.3-4.6 × 104 cm-3 [6] and conductance of 
< 1-2 × 104 S [13]. This approximates to an ~200-km 
thick conductive shell of < 0.05 S m-1., although varia-
bility in density may increase the peak conductivity to 
as 

 

much as <0.13 S m-1. 

Figure 3. Conductive properties of Triton’s previously-
detected ionosphere and plausible oceans differ, imply-

ing the possibility to distinguish between them. 
Results from 4-shell magnetic modeling: Exten-

sive exploration of parameter space with a 4-shell 
model reveals that an ocean will be distinguished by 
very different vector magnetometer responses, even 
assuming unfavorable ocean and ionosphere parame-
ters. The complex geometry of the Neptune-Triton 
system helps to induce a response that may be saturat-
ed by the ionosphere at the ~14-hr Tsyn period, but not 
at the ~141-hr Torb period (fig. 4 right). Phase lag con-
trast between response of a poorly-conductive iono-
sphere (>55°) and a weakly-conducting ocean (<~15°) 
provides another clear discriminator (fig. 4 left). 

The net result is that that the conductive response 
of a plausible ocean is significantly greater than that of 
an ionosphere, and that even in the worst case it should 
be possible to resolve the presence of an ocean, assum-
ing that sufficient supporting data is collected.   

Conclusions: While ambitious, single pass detec-
tion on a single flyby of Triton appears to be plausible 
for all likely parameters, sufficient supporting data 

concerning ionospheric and space plasmas must be 
collected.  This is the result of the peculiar geometry of 
magnetic fields at Triton, a result of Triton’s unusual 
history and inclined orbit, and may not apply to any 
other icy worlds in our Solar System. 

Figure 4. Phase delays and inductive response are sig-
nificantly greater for the 14-hr Tsyn wave than the 141-
hr Torb wave.  Trident’s flyby is synchronized to max-

imize the utility of these waves. 

Figure 5. An ocean is detectable in at least two axes 
even for the worst case scenario presented, which as-

sumes (i) an order-of-magnitude less conductance 
ocean than predicted using a vector magnetometer, (ii) 

a symmetric shell ionosphere with conductivity ex-
ceeding that detected by Voyager [6], and (iii) current 
Trident baseline encounter geometry.  Magnetometric 
relative precision is per Trident requirements, but real 

performance is expected to be better.   
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