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Heat Flow Through the Seafloor

Why Investigate metal precipitating
sea-floor hydrothermal vent sites? Q.

Actual measurements of heat flow

» Contribute to Ocean Chemistry

» Contribute Heat Loss From the Planet

* Provide a Natural laboratory for VHMS Formation

» Are Potential Sites of Future Resource Extraction (Cu)

Is this due to hydrothermal circulation?
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Resource Importance of Copper Deposit Types: Mt and %
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Still approaching 100Mt per annum in 2022

Pietro Guj and Richard Schodde 2025 https://doi.org/10.1016/j.geogeo0.2024.100320



Global Distribution of Hydrothermal Vent Fields
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Location of Major ODP/IODP Drilling Campaigns on [ . University of
Sea Floor Massive Sulfide Deposits \&/Southampton
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Modified After: Mid-Ocean Ridges: Hydrothermal Interactions Between the Lithosphere and Oceans, Geophysical Monograph Series 148,
C.R. German, J. Lin, and L.M. Parson (eds.), 245-266 (2004)
Copyright ©2004 by the American Geophysical Union.
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Geotectonic Location of Ocean Drilling Vent Sites @Southampton
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Seminar Outline

Complex vent site alteration patterns and varied hydrothermal alteration and fluid pathways often
variable at the local scale.

Evidence that tectonics at active sites play a key role in vent location and fluid flow.

The development of gold-rich deposits may depend on a range of factors including :
* Plume influenced host rocks

« Spreading rate of initial oceanic crust formation

* Modes of hydrothermal fluid discharge vents v beehive structures

Investigations of the Beebe Vent Field amplify understanding of key elements of mineralization
including the potential roll of topography.

Seawater sulfide experiments highlight potential role of oxide formation in preserving hydrothermal vent
sites into the geological record.
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ODP Leg 158 “Classic Alteration” of TAG Mound.
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https://www.sciencedirect.com/journal/deep-sea-research-part-ii-topical-studies-in-oceanography
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Fluid mixing from anhydrite 87/86 Sr isotope

studies.
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ODP Leg 158 Classic Alteration
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Location and Bathymetry of the Pual Ridge
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P T Location of Hydrothermal
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* Shots from ODP Leg
193 Drill Camera




Focus of ODP Leg 193
drilling campaign on
Snowcap and Roman
Ruins
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Variably Altered Volcanics
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Schematic Model of Fluid Flow and Mineralization of
The Pual Ridge
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Table 3. Summary of Key

- Characteristics of Different Mineral Assemblages at Brothers Volcano

Ass;vmblago

Distribution

Textural features

Formation conditions

Natroalunite and

natroalunite + pyrophyllite

P}-’]'t)pll}'”it(' + illite + quartz

Mordenite + smectite +
opal + geothite

Chlorite + quartz

Smectite + primary igneous
plagioclase

Uppf:‘r Cone

NW Caldera flank <189 mbsf

NW Caldera rim <188 mbsf

NW Caldera flank and
rim =188 mbsf

Ul)p{"r Cone — discrete
intervals

Bleached selvages, brecciation,
plagioclase pseudomorphs

Coarse -gr ained e qm:rl -anular
texture. subhedral pyr ite

Prominent brecciated appearance
with quartz f'{:n'minf_{ dominant
matric 1)]1;15(*

Variable, generally brecciated with

au1|1}'(11'1’[(*—1)}-’1'1&* veins

Coherent intervals that lack a
1)1'()11‘111‘101‘1t brecciated texture

Locally high ﬂmdf] ock ratios along selvages,
temper ratures ~250°—300°C ]cm p[[l 3

[ow fluid/rock ratios. 1}{'%1151\'(‘ Huid flow,
hif_{ll temperatures 200°=320°C. moderate
to low pH 2-3

Near surface convection of seawater, high
water-rock ratios, oxidized low-temperature
fluids (50°=170°C)

High-temperature >300°C seawater-derived

fluid flow

Highly variable fluid temperature, possibly
~l5i}” . higher pH fluids (>5)

Note: Tll{" I'lE"&"l'(‘HC(‘S l]S(‘(] fm* t]](‘ t(‘]lll)(‘]'&ltl]l'(‘ 1":1]']}3;("5 are Reves

(2003) and Seewald et al. (2019)

Martin et al. 2022



Schematic cross section of Brothers Vents and Alteration Assemblages
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Beebe Vent Field — Cayman Trough
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Location of the Beebe Vent Field (BVF) in the Mid-Cayman Spreading Centre, Cayman Trough, and world location
map (inset). Position of the BVF is given by the box, which shows the extent of (B). Major faults are displayed in red

(b) The area immediately surrounding the BVF is composed of hummocky pillow basalt mounds.
Webber et al. 2015
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a Ultramafic-hosted SMS at ultraslow spreading ridges. b MORB-hosted SMS at ultraslow spreading ridges.
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A: Flat topography General model for VMS

formation allows preservation and

Diffuse venting maintains re-minaralization of sulfide as the

sulphide stability whilst mound grows
preventing seawater influx

and remineralizing massive

pyrite
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B: Steep topography formathn Of an Ideallzed VMS
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Mass transport
away from hydrothermal
activity

Mass density currents:
rapid burial of finer
material

Steep topography leads to
mass transport away from the
hydrothermal system, resulting
in permanenet loss of metals

C: Idealised VMS deposit resulting from B

main ore body - lower tonnage
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+ precious metals  metaliferous sediments

with grade dependant on
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Webber et al. 2015




Seafloor Oxidation — Deposit Longevity & Sulfide Particles

Refrigerated
temperature bath

Open ports for
air equilibration
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Submersible magnetic stir plate

Knight et al. 2018
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Longer Term Monomineralic Experiments Southampton

Long-term monomineralic experiments
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Summary - Conclusions scﬂ\fﬁampton

Complex vent site alteration patterns and varied hydrothermal alteration and fluid pathways often
variable at the local scale.

Evidence that tectonics at active sites paly a key role in vent location and fluid flow.

The development of gold-rich deposits may depend on a range of factors including :
* Plume influenced host rocks

« Spreading rate of initial oceanic crust formation

* Modes of hydrothermal fluid discharge vents v beehive structures

Investigations of the Beebe Vent Field amplify understanding of key elements of mineralization including
the potential roll of topography.

Seawater sulfide experiments highlight potential role of oxide formation in preserving hydrothermal vent
sites into the geological record.

Environment
INTERMATIONAL OCEAN .
DISCOVERY PROGRAM Research Council

] Somety of Economlc Geologlsts
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