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Summary
Using Geochemistry to Understand
Hydrothermal Systems

v, What questions can we address?

7. Why does fluid geochemistry (sometimes)
reveal characteristic of geothermal
systems?

v, What are typical geochemical fingerprints
of different geothermal systems

¥, How do we investigate?

v, Sampling, analysis and interpretation of
surface manifestations

7. Sampling analysis and interpretation of
well fluids
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GEOTHERMAL EXPLORATION

¥, What questions can a geochemist
address before wells are available to
sample?
- Reservoir temperature estimate (and if the
temperature gradient is known depth)

- Fluid type (steamzgas, hot water-NacCl
brine or other)

- Possible outflow and upflow zones
- Multiple reservoirs
- Degree of water/rock interaction
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RESOURCE
CHARACTERIZATION

v, Once there are wells to sample, what can we do?

In collaboration with good well testing and sampling
and analysis:
v, Characterize production zones

1 or more feed zones, reservoirs, relative location, in
communication

Fluid state (liquid, 2-phase, vapor)
Reservoir temperature vs measured
Noncondensible gas and gas pressure
Equilibration with observed mineralogy

7, Processes: mixing/groundwater intrusion,
conductive heating/cooling, bolling

¥, Scaling and corrosion
v, Possible environmental issues
v, Baseline for monitoring reservoir during operation
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WHY GEOCHEMISTRY
ITCAN PROVIDE SOME OF THE BASIC COMPONENTS OF A CONCEPTUAA MEOBHERMAL SYSTEM

v, Water: meteoric (1 or 2?) £ magmatic +
sea water £ connate £ metamorphic

% Rock: reservoir and cap

wwHe at sour ce: vol cani c
deeply circulating in high heat flow
zone

¥, Permeabillity: fracture, primary porosity,
formation enhanced permeabillity,
sealed or open
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The Geochemistry Puzzle

1e minerals that constitute wvarious alteration assemblages depend on: temperature,
pressure, primary rock composition, primary fluid composition and the ratio of fluid to rock

in the reaction that produced the alteration. (Reed M. 1997).

temperature

water(s), + gas; + rock. Y water(s); = gas; + rock;
water/rock (permeability)
time, closed/open
equilibrium
where i1 = initial and f=final

v, The geochemist, if lucky, will get to see a piece of
the final water (water;)

v, We try and assess the reservoir conditions that
produced the changes from initial to final.

¥, Need to constrain some of the variables
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To understand the chemistry
constrain Variables and Conditions

¥, Build on previous work using analogies
v, Develop a Preliminary Conceptual Model
based on Geologic setting
- Volcanic/Magmatic
- Deeply Circulating Non-volcanic
- Regional basement rocks

- Tectonic settinge
v, Estimate the Input Variables

- Water Source (S)

- Rock-Reservoir and Cap, rock;
- Heat/Temperature
- Permeability-Water/Rock Interaction
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From the geologic setting

and previous work, identify

likely input parameters and

reservoir conditions

Silicic Magmatic/Intrusive

A reservoir: granite, pre-
volcanic basement cap:
volcanic sediments,
alteration
heat: age of intrusion
Permeability: fractures-
structure/intrusion
Fluids:meteorictgas

From Henley et al., 1984
reproduced from Henley
and Ellis, 1983
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Heat: Age of volcanism? If basaltic-deeper.
Reservoir rock: volcanic flows or pre-magmatic
basement, cap rock volcanic clays+ hydrothermal
alteration, Fluid: meteoric water + magmatic gas,
Permeability: brittle flows/faults?
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From Henley et al., 1984 reproduced from Henley and Ellis, 1983
Scheme of Andesitic Volcanic Hydrothremal System
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Fig. 5. Non-magmatic active geothermal play system in active extensional terrains with different types of reservoirs (1, 2a and 2b) (compiled from|[9.1622.49]) Type 1isa
convection cell from infiltration to discharge along one fault, Temperature gradient is gradually increasing at well site 1, Type 2a and 2B are fault leakage controlled plays, The
temperature gradient of a well drilled inte such an area rises up to the permeable layer and drops below the layer (well 2a and 2B

Hot Spring Chemistry?

Hydrothermal Reservoir Chemistry? From Moeck, 2013
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Reservoir rock: brittle basement, cap: fine grained sediments
Heat: deeply circulating water in mod heat flow region:~60°C/km.
Permeabllity: ?

Fluids: Meteoric water: hot springs Bicarbonate warm springs

Mountain belt Foat hills Foreland basin
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Fig. 8. Geothermal play types in orogenic belt and adjacent foreland basins, Red lines - Schematic isotherm distribution, recharge locations, fault geometry and basin
geomelry alter Craw et al, (53], Blue lines - Water flow lines result from heal advection and topography controlled ydravlic bead, blue armows - Discharee temperatures [86], (For
interpretation of the references o color in this Rgure legend, the reader 1= referred (o the web version of this artidel

From Moeck, 2013
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What kind of hot springs here?
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Geochemistry and Structure: Surface Manifestations
and Faulting in Geothermal SystemNicholasC.
DavatzesTemple Univ., 2008/12

Association of Hot Springs and Faults
H‘ (Worldwide—All rock types & Tectonic Settings)

n= g2

Unrelated
fo faults

Mechanical
Interaction

Unrelated

B Tipline

B Mechanical Interaction
Fault Trace

Fault trace Curewitz and Karson (1387)

+ Fault tipline
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Mot everywhere on the Earth
sustains the same heat flow.
The variation is largely due to
variations in the presence of
large, vertically extensive
zones of permeability.

Advective heat transport
quickly exceeds conductive
heat flow even at fluid flow
rates of as little as 1 cm/year.




Chemistry of a Geothermal System

Initial Final

v, Reservoir rock (s) 7, Altered and Unaltered
quartz + feldspar + mica Minerals, Rock texture,

tsulfidestcar bonat e dlddinclusions
v, Water: meteoric +sea + % Brine

metamorphic + - Cl -conservative
0O-18, D - Na, K, from mineral water
TDS<1000: HCO;,, Na, K, et
Ca, Mg, CI é - pH
% Magmatic Volatiles - 0-18, D-altered by the
CO SOZ, H,, HCI, HF pProcess
dz . Dissolved gases: CO,,

H,S, CH,, H,, NH,,
% + Steam + gas

Heat Transfer /Permeability /Water/Rock /Time / Equilibrium
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Some Water/Rock/Gas Reactions at
Reservoir temperatures

v, Cl,B typically from rock/mineral dissolution or from deep
magmatic fluid

v Quartz

SIO, 4, + 2 H,O = H,SIO,

¥ K-spar/Na-spar

NaAlSi;O4 + K+ =KAISIi;Og4 + Na+

v, Carbonate

% CaCO5; + H* = Ca* +HCOg

%, Clinozoisite+calcite +quartz=garnet+ H,0+CO,
o] +H,O = prehnite + CO,
pyrite + pyrrhotite +prehnite + water =epidote + H,S
or pyrite + H,O=Fe-Al-silicate+ H,S

+ dissolution

+ magmatic volatiles
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NoncondensibleGas

v, Magmatic Influx
- CO,,S0,, H,, HCI, HF and H,O
¥, Mineral/Gas reactions
- Epidote, prehnite, garnet,clinozoisitePyrite,
pyrohtite, magnetite,etc. controlling CO./H,S/H,

¥, Gas-gas reactions
% CO,+ 4H, = CH, + 2H,0

%, Vapor-Liquid Distribution, Distribution Coefficients,
B=Cv/ClI
v, Ctot=Cv(y) +Cl(1-y)
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Reservoir processes transform

original geothermal fluids

Even after water(s); = gas; + rock;are
established, their chemistry can change

7, Bolling and partitioning of constituents into
steam+volatiles and brine+solubles

¥, Precipitation/dissolution

¥, Steam condensation, gas absorbtion,

¥, Mixing with shallow cooler fluids (ground
water)

¥, Phase segregation
% Influx of hot fluid and/or gas
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So how do we solve this puzzle?
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Geochemical
Exploration Tricks of the Trade (1)

Field Work (assuming surface manifestations)

v, Sample surface manifestations carefully
and as many as possible

7, Sample shallow cold water (recharge) to
unmix groundwater+ b r I mM&iNg

¥, Collect duplicates and field measurements

v, Quality laboratory analysis, QA/QC results

v, Characterize surface features such as
boiling and steam heated features vs brine

discharges
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