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() Components/processes involved
in generating reduced fluid

Initial Auid * 7 Mixing of two fluids - chemical rxns -

(e.g, seawater) mineral precipitation/dissolution

Modified fluid

Porous media composition (e.g, basalt,
peridotite, andesite, rhyolite, dacite +
sediment) and structure

Volcanic eruption-heat source
(temperature-pressure of fluid-rock
interaction; geometry of heat source)

Tivey (2007)
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Outline

- What can chemical compositions of fluids tell us?
- Sampling methods

- Generic hydrothermal vent system
- Generic answers to the question > eruption event

- Data interpretation
- Mixing curve
- Time series> changes after eruption
- Phase separation

- Future study

What can chemical compositions of
fluids tell us?

- Sample quality - Geology
- Water-rock ratio

- Reaction temperature

- Elemental cycle . Reaction depth

- Major sink
- Major source

- Biology
- Nutrients
- Chemical energy
- pH
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]
Fluid sampling-1

CTD- Rosette
Niskin/Go-Flo water sampler

]
Fluid sampling-2

oy

UH-GeoMicrobe Sled UH-MPS system
“long-term monitoring”  “Large volume fluid & particle sampling”
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]
Fluid sampling-3

MBARY-"OSMO” PMEL-"Beast”
Long term, very small volume fluid ~300mL fluid and particle sampling

http://www.pmel.noaa.gov/vents/nemol  http://www.pmel.noaa.gov/vents/nemo?2
998/science-news.html 006/logbook/images/sep04img2.html

]
Fluid sampling-4

» Gas tight sampler

http://oceanexplorer.noaa.gov/explorations/05lostcity/background/sampling/media/ga
stights3.html
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(b) Generic ridge vent system
Diffuse,
|0“:._tl;snip Focused, high-temp flow
How ¢ through chimneys

Seawater é *g\
Low-T alt. T
> 350° vent fluid
Mg— smectite/chlorite
« H*, Ca, Na*

Ca?*+S0O,~| « anhydrite +> water-rock xn (?)
(e.g., ASi, Cu, H,)

MORB

Phase separation/segregation } reaction zone
\ or “root zone”

*He, CO,, CH,, H, ,H,S

Albitization

S, Cu, Fe, Mn,
Zn,etc.

~ G,
Heat source =
magma or hot rock

Tivey (2007)

Hydrothermal vents - plumes

. http://www.divediscover.wh'oi.edu/vents/vent-
chemistry.html#

GG 711, Fall 2011, Lect. 8, Tina Lin



/0]
What can chemical compositions tell?

- [Mg?*] »> sample integrity

- [CI] = phase separation - reaction depth

- [SO,2*] - biological activity (sulfate reduction) &
mineral precipitation

- [H,S] = biological activity (sulfate reduction)
- [NH;] = biological activity (sulfate reduction)
- [Fe?*], [Mn?*],[Si], [Li*]-> water/rock reaction

- [Li*] > water-rock ratio

Redox status

- Reduction-Oxidation state

Reduced species Oxidized species
(e-donors) (e-acceptors)

# Electron  Rich Depleted

s H,S S0,?

c CH, Co,

N NH; NO;

Fe Fe2+ Fe3*: Fe-oxide, brownish
particles
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Mixing curve
End member, Mg=0 mM

Element/
Compound

]
S0,* v.s. Mg?*

29

8

SO, (mmolkg)
5

2 ]

- Straight line — conservative mixing line

- Data above the line - addition of SO,
- Oxidation of sulfide to form sulfate
- Dissolution of sulfate bearing mineral
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"""
H,S v.s. Mg?*

- Straight line — conservative mixing line

- Data below the line - removal of H,S
- Oxidation of sulfide
- Precipitation of sulfide bearing mineral

Element/Heat

- Heat is calculated as
H() =Clikgre) "M (kg) "AT () = 4200(ykgrc) "M (kg) AT (o)

12 ™ Fioc9s | Floo9t |Fioc93 | Flow3
10 J P = DU A,
8 i ]

11 17 hdv 26 18 15 11 hdv 2 10 11 3A 6A TA SA PI
Il H.S/heat [[[]] Femeat =5 Mn/heat [[[| Fe/Mn
Butterfield (1997)
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- Flow and Floc vents
(low T diffuse)

- Source vents
(high T)

Butterfield (1997)

Phase separation

550
- T, P below critical point *
(407°C, 298 bars)
- Sub-critical . 40r
- Boil of H,0 &
- Form low [CI] vapor g 350!
* ?
- T, P above critical point SE.
- Super-critical 250!
- Condensation of H,0
- Form high [CI] brine
150

2

-1 0 1 2
log Wt.% NaCl

Larson et al. (2009)

GG 711, Fall 2011, Lect. 8, Tina Lin




Vapor dominate - brine dominate

- Endeavor Main Field
- N. Cleft segment
- Co-Axial

[’\

relative intensity

<

’ vapour

event

time ————p

——-— heat flux —Cl ---- Fe —H,S

Butterfield (1997)

[CI] v.s. time after eruption
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r—/—/—(—/—// /]
East Pacific Rise: 9°50°’N

Fe (mmolesikg)

H,S-MAX (mmoles/kg)

191 12 TG US4 V1SS 196 11IST 11488 11198 100 1101 102

2
UGN 11192 1/AK3 1194 145 116 19T 11198 14199 1400 11/01 1102

Time

Von Damm (2004)

a Geologic
Interpretation
seismi ity model
of Cudrak and Clowes (1983)

basaltic pillows and flows J

illows intruded by dikes

sheeted dikes

o s T84
Mixed Brine
and Vapor

Larson et al. (2009)
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]
Future study

- Precisely/accurately measure the flux = heat budget
- Look for “finger-print” signature b.w. vents and plumes

- Compare the fluid data with the “precipitates”

- Time-series sampling at various sites to test the phase
separation hypothesis.
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