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MINES thermodynamic database
Goals of the project
• Internally consistent dataset covering fluid-rock equilibria at hydrothermal 

conditions (≤5 kbar and ≤600 °C)
• Test and improve thermodynamic predictions by combining experimental, 

theoretical, and natural observations
• Facilitate use of GEMS and other codes to simulate fluid-rock interaction 

and ore-forming processes
• Community effort

• Open access and rolling-release
• Collaborators and direct contributors: Nicole Hurtig (NMT, USA), Ruiguang Pan 

(Indiana U.) and GEMS developer team: Dan Miron and Dmitrii Kulik (PSI, 
Switzerland)

• Collaborations with students and diverse research groups and projects



MINES thermodynamic database 
https://geoinfo.nmt.edu/mines-tdb News...

• Version MINES2023 just released 
for the workshop! Citable doi 
number = dynamic database! 

• Currently tailored for use with 
GEMS/GEMSFITS

• Working on human readable .csv 
file and query page to generate 
custom download tables

• New JSON format to export to 
ThermoFun and generate 
reaction logK for other modeling 
programs (PHREEQC, etc.)

Gysi, A.P., Hurtig, N.C., Pan, R., Miron, G.D., and Kulik, D.A., 2023, MINES thermodynamic database, New 
Mexico Bureau of Geology and Mineral Resources, https://doi.org/10.58799/mines-tdb

https://geoinfo.nmt.edu/mines-tdb


Basic framework
● Rock-forming minerals: 122 minerals from H&P98 database + non-silicate minerals from R&H95
● Aqueous species from SUPCRT92 implemented in GEMS
● Ternary non-ideal feldspar solid solution (built-in) 
● Ideal multicomponent-multisite solid solutions: 

chlorite, actinolite, epidote, garnet, olivine, clinopyroxene, apatite, monazite, xenotime, biotite, celadonite, 
talc, montmorillonite, smectites (dio/trioctahedral), chabazite, heulandite

Statistical/optimization methods (GEMSFITS, internal consistency)
● Major cations: Na-, K-, Al-, Si-bearing species,   + Ca-, Mg-, CO2-bearing species (Miron et al. 2016, 2017)

Experimental data & Natural systems
● Zeolites (14 end members) and phyllosilicates (16 end members), solid solutions from Gysi and Stefánsson 

(2011)
● Experimental REE phosphate solubility experiments from our Ore Deposits and Critical Minerals Research 

Lab (Gysi et al. 2015, 2018; Van Hoozen et al., 2020; Gysi and Harlov, 2021)
● REE aqueous complexes (Migdisov et al. 2009; 2016), base and precious metals (Akinfiev and Zotov, 2001, 

2010, 2014; Liu and McPhail, 2005; Brugger et al., 2007; Mei et al., 2015; Stefansson and Seward, 2003, 
etc...)

Current status: MINES23



Conceptual model of MINES thermodynamic 
database updates and maintenance

Natural systems

MINES thermodynamic database

Chemical equilibria modeling
GEMS code package

Experimental data

Statistical methods
GEMSFITS global optimization

Hybrid dataset

Rock-forming minerals
Holland & Powell (1998)

phase equilibria
Robie & Hemingway (1995)

calorimetric data

Aqueous species
SUPCRT92, slop98.dat

Gases
Robie & Hemingway (1995)

Frenkel et al. (1994)

Core dataset (internally consistent)

Major elements
Ca-Mg-Na-K-Al-Si-O-H-Cl-C (Miron et al.)

Rare earth elements,ligands,...
New extensions

Reference elements
CODATA

Internal consistency

check

New input dataData testing

Rock alteration, ore deposits

natural waters
Solubility, calorimetric, ab initio



Internally consistent thermodynamic dataset for rare earth elements (REE) in REE-P-F-Cl-
S-O-H system (Pan et al. submitted)
● Optimization and re-evaluation of experimental and thermodynamic data for REE using 

GEMSFITS 

→ dG @25 °C optimized, and keep HKF EoS parameters for T dependence

→ REE3+ and REE hydroxyl complex update, and keep internal consistency to other species 
(chloride, fluoride, and sulfate complexes)
1) Hydrothermal REE phosphate solubility experiments 100 – 250 °C: Gysi et al. (2015), Chem Geol; 

Gysi et al. (2018), GCA; Van Hoozen et al. (2020), GCA; Gysi and Harlov (2021), Chem Geol

2) Aqueous REE fluoride, sulfate, and chloride complexes (summarized Migdisov et al., 2016)

Tellurium species (Hurtig et al. submitted) 
● Aqueous species: 11 Te oxide and hydroxide aqueous species with oxidation states of Te(+2), Te(+4) 

and Te(+6)
● Minerals: tellurite, calaverite, hessite, weissite, vulcanite, frohbergite, altaite, tellurium and Zn-telluride

upcoming MINES23.1



Experimental database (ThermoExp_ODCM) from Ore Deposits and Critical Minerals Lab 
at NMT
● New experimental database in several file formats (e.g. csv, JSON, etc.) to allow 

queries/search, easy live updates, and open access with citable source
● Working on addition of new hydrothermal solubility, calorimetry, spectroscopic, and UV-

Vis experimental data including dG and dH measured as a function of T and 
supercritical conditions

● Compilation of existing thermodynamic properties for minerals and aqueous species
● Compatibility with ThermoEcos (https://thermohub.org/) 

→ dG @T °C optimized, and develop different EoS parameters for T dependence
→ Feed MINES and other thermodynamic database allowing for future internally 
consistent optimizations and updates

● Impetus for other research groups to generate experimental databases that can be 
optimized

upcoming MINES23.x and ThermoExp_ODCM

https://thermohub.org/


Selection of MINES when building a project in GEMS

● Extract MINES23-
DB.Default.zip to your 
Download folder

● Copy the containing data to 
Gems3-app/Resources/DB.
default folder

● More infos on the 
tutorial gitbook

● In this window  you can 
select what phases to 
include (beginners please 
choose only without ss)

https://apgysi.github.io/gems-mines-tutorial/intro.html


GEMS thermodynamic database mode (DComp)

Standard 
thermodynamic 
properties (G, H, 

S, and V)



GEMS thermodynamic database mode (DComp)

Non-ideal gases: 
critical EOS parameters

Minerals:
Cp functions

Aqueous species:
HKF EOS 

parameters



GEMS thermodynamic database mode (ReacDC)

Au+ + 2Cl- = Au(Cl)2
-

LogK and 
standard 

properties of 
reaction (G, H, 

S, V)



Equilibrium constants (logK) as a function of 
pressure and temperature



GEMS thermodynamic database mode (Phase)

Phases

Pure solids (s)
Solid solutions (ss)
Gas (f) mixing 
parameters 
etc...

Inspect/select
model



Tutorial resources

Here you can download the 
module project files, 

extract and copy the folder 
into your GEMS 

Library/Gems3/projects 
folder

https://geoinfo.nmt.edu/mines-tdb/tutorials
https://apgysi.github.io/gems-mines-tutorial/

● Here you can access the 
free gitbook tutorials with 

a step by step guide
● How to install the MINES 

database and model with 
GEMS

https://geoinfo.nmt.edu/mines-tdb/tutorials
https://apgysi.github.io/gems-mines-tutorial/


Tutorial resources
https://apgysi.github.io/gems-mines-tutorial/

● Module 1: adding 
MINES thermodynamic 
database and first project

● Module 2: feldspar 
reaction path

● Module 3: 
greisenization, adding 
rock/fluid, titration model

● Module 4: greisenization 
single flow-through 
reactor, single/multipass

● Module 5: gem2mt, 1-D 
reactive mass transport

● Module 6: generating 
pH-activity diagrams

https://apgysi.github.io/gems-mines-tutorial/


Thank you!
Questions/comments?

alexander.gysi@nmt.edu
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