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The Gulf of California, a marginal sea that lies between the
Baja California peninsula and mainland Mexico, began forming ~14 million years ago as the North American continent
tore apart. As rifting proceeded, small oceanic spreading centers separated by long transform faults developed within the
Gulf. Today, those spreading centers remain active and form
the western boundary of the North American Plate between
the East Pacific Rise to the south and the San Andreas fault
to the north. In the central Gulf of California, some signs of
seafloor spreading are evident, including a central rift valley
that marks the axis of spreading. However, other typical signs
of seafloor spreading, including lava flows on the seafloor, are
masked by a 0.5–1.5 km thick sediment blanket that results
from river delivery of large volumes of sediment to the Gulf
as well as high biological productivity fed by upwelling of
nutrient-rich bottom waters in the narrow sea.
The thick sediment blanket inhibits magma rising to the
seafloor. Instead, the magma is injected into the sediment as
sills. Such sills have been sampled by scientific ocean drilling
in the well-studied southern Guaymas Basin and interpreted
to have been injected at the spreading axis and then subsided
as the plate rafted away (Einsele et al., 1980). In the northern
Guaymas Basin, seismic studies suggest that sills are injected
not only at the rift axis, but also on the rift flanks up to 40 km
away (Lizarralde et al., 2011). The goal of this expedition was
to visit a number of potential sill injection sites identified
from seafloor mapping and determine the nature of local
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fluid circulation. Little was known about the temperature,
fluid composition, biological communities, and geology at
most of these sites.
Over the course of seven days, we visited five sites and
found a remarkable range of vent types, from black smokers
to cold seeps ()LJXUH). The diversity of venting styles within
a fairly restricted area solidifies the northern Guaymas Basin
as an amazing natural laboratory to study an array of seafloor
and Earth system processes. With ROV Hercules we were able
to characterize the sites and collect geological, biological, and
fluid samples for analysis on board E/V Nautilus and ashore.
Just outside of the ~3 km wide and ~200 m deep axial
graben, Hercules visited a ridge of high-temperature black
smoker vents (H1650). These vents were discovered serendipitously in 2015 by a German-led multichannel seismic cruise
(Berndt et al., 2016), but had not been explored by ROV. The
400 m long ridge is made up of four mounds, each of which
has a black smoker at its peak. The highly complex vent structures rise 10 m to 30 m from the tops of the mounds and often
widen at their tops, with flange structures forming where
clogged vertical conduits shunt hydrothermal fluid out the
sides of the structures ()LJXUHD). Fluid temperatures at the
sites reached 331°C as measured by isobaric gas-tight samplers. The vents and surrounding areas were heavily colonized
by Riftia pachyptila tubeworms, associated scaleworms, squat
lobsters, and white microbial mats. Nearby, extinct sulfide
mounds displayed dense mats of blue folliculinid ciliates in
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)LJXUH  0XOWLEHDP EDWK\PHWU\ FROOHFWHG E\ (9b Nautilus
VKRZVDSRUWLRQRIWKHQRUWKHUQ*XD\PDV%DVLQLQFOXGLQJ
the 3 km wide, 200 m deep
QRUWKHDVWVRXWKZHVWWUHQGLQJ
D[LDO JUDEHQ +HUFXOHV dives
1650 to 1656 were conducted
DW D QXPEHU RI VHDȵRRU
ȵXLG ȵRZ VLWHV WKDW UDQJHG
LQ WHPSHUDWXUH IURP r&
to ambient.
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E  %OXH IROOLFXOLQLG FLOLDWHV LQ DVVRFLDWLRQ ZLWK JDVWURpods, scaleworms, some sessile polychaetes, deep-sea
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)LJXUH  :DWHU FROXPQ UHȵHFWLYLW\ UHFRUGHG E\ (9 Nautilusȇ KXOOPRXQWHG
(0  PXOWLEHDP HFKRVRXQGHU LV VKRZQ DW XSSHU OHIW %XEEOHV WUDYHUVLQJ
WKHDUFRILQVRQLȴHGZDWHUUHȵHFWWKHVRQDUSXOVHDQGUHYHDODYHUWLFDOSOXPH
RI PHWKDQH JDV EXEEOHV 7KH EXEEOH SOXPHV ULVH XS WR  P DERYH WKH
VHDȵRRUVKRZQDVEODFNYHUWLFDOOLQHVRQWKHPXOWLEHDPPDS%XEEOHSOXPHV
GLUHFWO\XQGHUWKHYHVVHODUHPRUHFOHDUO\LPDJHGVRLWLVQRWNQRZQKRZPDQ\
PRUHEXEEOHSOXPHVPD\EHSUHVHQWWKDQWKHLGHQWLȴHGRQWKLVFUXLVH

association with gastropods, scaleworms, some sessile polychaetes, deep-sea sponges, a few Escarpia tubeworms, and a
third unidentified tubeworm species ()LJXUHE).
Over 30 km from the axial graben, on two million year old
crust, we visited a site called Ringvent (H1651, H1654), which
seismic data suggest is underlain by a shallow (young) sill
that an Alvin submersible dive in 2015 showed to vent warm
fluids (A. Teske, University of North Carolina, Chapel Hill,
pers. comm., 2017). This site is defined by a circular ridge dotted with depressions. We found a small, meter-high mound
emitting clear fluids at 70°C at a location identified during
the 2015 Alvin dive. The mound appeared to be constructed
of thin sheets of carbonate covered with thick bacterial mat
()LJXUH F). Around the site, small chimlets and bacterial
mats were common. The focused vents were not colonized
beyond the microbial mat, but in areas of more diffuse flow,
dense clumps of Lamellibrachia and Escarpia tubeworms were
common as were sea stars, ophiuroids, vesicomyid clams, gastropods, squat lobsters, scaleworms, and anemones.
A similar vent system was found just outside the axial
graben, only 1 km north of the black smoker site (H1656).
This site also displayed focused venting at 70°C, with vent
structures and animal communities ()LJXUH G) comparable
to those at the Ringvent site. In addition, this site hosted isolated R. pachyptila tubeworms that were common at the black
smoker site.
We visited three sites where fluid flow was less vigorous
and at temperatures near ambient bottom water. Two sites
were located ~20 km northwest of the axial graben (H1652,
H1653), and the third site was located ~8 km southeast of the
axial graben (H1655). The northwestern sites were previously
identified from seafloor mapping, but the southeastern site

was identified on this cruise from multibeam echosounder
data that showed a plume of bubbles in the water column
()LJXUH). Each of the cold sites was characterized by areas of
thick microbial mats, clumps of Lamellibrachia and Escarpia
tubeworms, ophiuroids, vesicomyid clams, solemyid bivalves
(though we did not see any live individuals, only empty
shells), crabs, squat lobsters, and anemones. At two of the
sites, we located the source of bubble plumes and attempted
to measure gases with the isobaric gas-tight samplers.
This expedition established the presence of a dramatic
diversity of venting and seepage in previously unexplored
areas, and characterized the geological and geochemical
diversity of these sites. Moreover, the expedition documented
the associated animal and microbial communities, and collected representative samples that were sent to repositories
for access by the broader community. Exploration led to a
number of compelling questions. Is off-axis warm venting
driven by injection of magma up to 30 km from the ridge
axis? By what mechanism do magmas reach this location and
is it common to mid-ocean ridges or specific to sedimented
ridges (e.g., Han et al., 2014)? To what degree are organic and
inorganic carbon released from the sediments by magma
injections and how much of that carbon reaches the water column? This latter question is of particular importance, as similar mechanisms (magma-sediment interaction during large
igneous events) are implicated in punctuated global-scale
climate shifts, mass extinctions, and ocean anoxic events in
Earth’s history (e.g., Svensen et al., 2007). The groundwork
was laid here for future expeditions that could be tailored to
address these questions, and many others that resulted from
this mission of exploration.
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