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New at AIRIE – We are now analyzing Hg (mercury) using our state-of-the-
art DMA (Direct Mercury Analyzer).  Hg concentration data are available 
for almost any media through our AIRIE-Hg program.   

Our History – The AIRIE Program pioneered Re-Os (rhenium-osmium) protocols 
for working with resource-related geologic media in crustal rocks (e.g., sulfides, 
shales and oils).  The first technological breakthroughs were cut short at the USGS 
when management determined that “Re-Os was a flash-in-the-pan” in connection 
with their renowned RIF (reduction-in-force).  Since 1995, AIRIE has produced 
state-of-the-art Re-Os geochronology and Os isotopic tracer studies, interpreted in 
their geologic context.  Two multi-collector Triton mass spectrometers built for Re-
Os analytical work and two wet-chemistry labs were funded by the Program.  
Collaborating partners span 90 countries and discoveries benefit an expanding cross-
section of the sciences, from atmosphere to deep earth, transcending geology-
biology-chemistry derivatives.  We address fundamental scientific questions and use 
creative approaches to stimulate new and progressive thinking.  This advances 
science and enhances discovery for the mineral and petroleum industries.  Starting 
in 2000, AIRIE forged a long-term partnership with research entities in Norway, 
making Norwegian economic interests the geologic base for fundamental 

scientific discoveries.  These include Re-Os dating of molybdenite, arsenopyrite and other sulfides, dating of 
shales, dating of oils and bitumens, reconstruction of whole petroleum systems in absolute time, and most recently 
dating critical minerals such as graphite.  After 25 highly successful years as a soft-money research group at Colorado 
State University, uplifting the Geosciences, in August 2022, the Department Head without support from the 
Geosciences faculty terminated the AIRIE Program claiming the Program was not on mission with Geosciences.  
This presented us with the opportunity to form our own start-up!  CSU higher administration did not support his 
action and allowed AIRIE to retain all instrumentation and laboratory equipment – right down to the lab benches.   

Metallic Resources – Our work has led directly to discovery of ore and has challenged several long-standing models 
for ore formation.  AIRIE established now globally employed protocols for Re-Os ID-TIMS dating of molybdenite 
(Terra Nova 2001, 797 citations).  We discovered the unique phenomenon of parent-daughter (187Re-187Os) 
decoupling in molybdenite prompting us to develop new approaches for acquiring mineral separates.  We were the 
first to develop a double Os spike to address young (or low Re) molybdenites and to measure and correct for 
common Os isotope fractionation.  We acquired and characterized a molybdenite reference material (NIST, RM 
#8599) from the Henderson molybdenum mine (mill) in Colorado to share with the geoscience community.  We 
pioneered Re-Os dating of other sulfide and oxide minerals, for example, arsenopyrite, pyrite, marcasite, 
bismuthinite, chalcopyrite, pyrrhotite and magnetite providing ages and information on fluid sources, not only for 
ore deposits, but also for fundamental processes shaping our dynamic planet Earth.   

Hydrocarbon Resources – Our work with hydrocarbons includes Re-Os dating of organic material extracted from 
shales.  Re-Os dating of both in situ and migrated bitumen and oil also permits tracking interactions between Earth 
fluids and hydrocarbons using Os as an isotopic tracer.  In 2016, we published the first Re-Os isochron for a single 
crude oil based on its asphaltene and maltene components.  Re-Os analyses of hydrocarbons are useful in modeling 
maturation-migration in both conventional and unconventional systems.  Our work on sulfides and organic material 
in shales calibrates Earth’s timescale permitting global correlations, and determines rates for sedimentologic, bio-
evolutionary, and tectonic processes, giving perspective on ancient climates, oceans, correlation of fauna, and 
atmospheric evolution.  We provided the first radiometric age for the rise of atmospheric oxygen (GOE, Great 
Oxidation Event), with citations reaching far beyond the geoscience literature (Nature 2004, 1493 citations).   

For more information, please contact: 

Dr. Prof. Holly Stein 
Director, AIRIE Program, Innosphere Ventures  

320 East Vine Drive, Suite 203, Fort Collins, CO 80524 USA 
University of Oslo, Box 1047 Blindern, 0316 Oslo, Norway 

holly@airieprogram.org  www.airieprogram.org

Re-Os isotope geochemistry enlightens our understanding of how  
metallic and hydrocarbon resources are created, interrelated, and where they are located. 

mailto:holly@airieprogram.org
http://www.airieprogram.org/
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Refereed Journal Papers:  

Goswami, V., Stein, H.J., and Hannah, J.L. (in co-author review) Re-Os-Hg geochemistry of Fish Clay, 
black nodular cherts, and chalks across the Cretaceous-Paleogene (K-Pg) boundary at Stevns Klint, 
Denmark:  for Palaeogeography, Palaeoclimatology, Palaeoecology. 

 
Stewart, P.W., Stein, H.J., Roa, K., and Gabites, J. (in co-author review) U-Pb, 40Ar/39Ar, and Re-Os 

geochronologic constraints on the genesis of the Fruita del Norte epithermal gold-silver deposit, 
southeast Ecuador:  for Economic Geology.   

 
Boni, M., Stein, H., Balassone, G., Yang, G., and Mondillo, N. (in co-author revision) Wulfenite 

(PbMoO4) in the oxidation zones of the Alpine Zn-(Pb) of the Alpine Zn-(Pb) deposits: first results 
of Re-Os isotopic analyses:  for Mineralium Deposita.   

 
Runyon, S.E., Barrier, J., Chapman, J., Brown, T.R., Stein, H., and Autenrieth, K. (in co-author revision) 

Central alkalic group Au system, Rattlesnake Hills Alkaline Complex, Wyoming:  U-Pb and Re-Os 
geochronology and magmatic evolution:  for Mineralium Deposita.   

 
Bobos, I., Stein, H., Deng, X.-D., Sudo, M., and Noronha, F. (in review) U-Pb LA-ICP-MS and Re-Os 

dating of wolframite and molybdenite:  Constraints on multiple mineralization and cooling 
histories (40Ar/39Ar) for the magmatic-hydrothermal system at Borralha, northern Portugal:  Ore 
Geology Reviews.   

 
Rodríguiz-Mustafa, M.A., Simon, A.C., Holder, R.M., Stein, H., Kylander-Clark, A., Jicha, B.R., Blakemore, 

D., and Machado, E.L.B. (in revision) Integrated Re-Os Ar-Ar, and U-Pb geochronology directly 
dates the timing of mineralization at the Mina Justa and Marcona Deposits, Peru:  GSA Bulletin. 

 
Goswami, V., Hannah, J.L., Stein, H.J., Ahlberg, P., Maletz, J., Lundberg, F., Ebbestad, J.O.R., and 

Cloquet, C. (in revision) Evolution of Baltic shales from late Cambrian to Middle Ordovician: 
Insights from Re-Os geochronology and geochemistry of Tøyen and Alum shales, Sweden:  Global 
and Planetary Change. 

 
Park, J., Stein, H.J., Hannah, J.L., Georgiev, S.V., Hammer, Ø., Olaussen, S. (2023, accepted with 

revision) Re-Os geochronology of Middle to Upper Jurassic marine black shales, Agardhfjellet 
Formation, central Spitzbergen, Svalbard: a tool for global faunal correlation and Os isotopic 
change:  Palaeogeography, Palaeoclimatology, Palaeoecology. 
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Jones, S.M., Cloutier, J., Prave, A.R., Raub, T.D., Stueeken, E.E., Stein, H.J., and Boyce, A.J. (2023, on-
line) Fluid flow, alteration and timing of Cu-Ag mineralization at the White Pine sediment-hosted 
copper deposit, Michigan, USA:  Economic Geology.  (https://doi:10.5382/econgeo.5013; 35 p.) 

 
Gammons C.H., Risedorf S., Gary M., Stein H., and Thompson J.A. (2023) Age of carbonatite-related 

REE-Nb mineralization in the Sheep Creek district, southern Ravalli County, Montana:  Northwest 
Geology, v. 52, p. 83-88.  (no on-line version) 

 
Burisch, M., Bussey, S.D., Landon, N., Nasi, C., Kakarieka, A., Gerdes, A., Albert, R., Stein, H.J., Gabites, 

J.A., Friedman, R.M., and Meinert, L.D. (2023) Timing of magmatism and skarn formation at the 
Limon, Guajes and Media Luna Gold ± Copper skarn deposits at Morelos, Guerrero State, Mexico:  
Economic Geology, v. 118, no. 4, p. 695-718.  (https://doi:10.5382/econgeo.4985; 24 p.) 

 
Mateo, L., Tornos, F., Hanchar, J.M., Villa, I.M., Stein, H.J., Delgado, A. (2023) The Montecristo mining 

district, northern Chile: the relationship between vein-like magnetite-(apatite) and iron oxide-
copper-gold deposits:  Mineralium Deposita, v. 58, p. 102-1049.   
(https://doi.org/10.1007/s00126-023-01172-0) 

 
Park, J., Stein, H.J., Georgiev, S.V., and Hannah, J.L. (2022) Degradation of mercury (Hg) signals on 

incipient weathering: Core versus outcrop geochemistry of Upper Permian shales, East Greenland 
and Mid-Norwegian shelf:  Chemical Geology, v. 608, 121030.  
(https://doi.org/10.1016/j.chemgeo.2022.121030) 

 
Zimmerman, A., Yang, G., Stein, H., and Hannah, J. (2022) Addressing molybdenite 187Re parent-187Os 

daughter intra-crystalline decoupling in light of recent in-situ micro-scale observations:  
Geostandards and Geoanalytical Research, v. 46, no. 4, p. 761-772.  
(https://doi:10.1111/GGR.12448) 

 
Li, W., Jin, X., Gao, B., Zhou, L., Yang, G., Chao, L., Stein, H., Hannah, J., Du, A., Qu, W., Chu, Z., Wang, 

Y., and Zhang, L. (2022) Chalcopyrite from the Xiaotongchang Cu deposit: A new sulfide reference 
material for low-level Re-Os geochronology:  Geostandards and Geoanalytical Research, 12 p.  
(https://doi:10.1111/GGR.12420) 

 
Bakhsh, R.A., Ali, K.A., Zoheir, B.A., Augland, L.E., Ahmed, A.A., and Stein, H.J. (2022) Geochemical and 

geochronological constraints on the gold-sulfide mineralization and host granitoid rocks in the 
Bulghah and Al-Maham prospects, central Arabian Shield, Saudi Arabia:  Journal of Asian Earth 
Sciences, v. 223, 105004.   (https://doi.org/10.1016/j.jseaes.2021.105004)  

 
Pollard, P.J., Jongens, R., Stein, H.J., Fanning, M., and Smillie, R. (2021) Rapid formation of porphyry 

and skarn copper-gold mineralization in a post-subduction environment:  Re-Os and U-Pb 
geochronology of the Ok Tedi mine, Papua New Guinea:  Economic Geology, v. 116, no. 3, p. 533-
558.  (https://doi.org/10.5382/econgeo.4799) 

 
Hall, W.S., Stein, H.J., Kylander-Clark, A.R.C., Hitzman, M.W., Kuiper, Y.D., Knight, C., and Enders, M.S. 

(2021) Diagenetic and epigenetic mineralizing events in the Kalahari Copperbelt, Botswana: 
evidence from Re-Os sulfide dating and U-Th-Pb xenotime geochronology:  Economic Geology, v. 
116, no. 4, p. 863-881.  (https://doi.org/10.5382/econgeo.4809) 

 
Georgiev, S.V., Stein, H.J., Hannah, J.L., Pedersen, J.-H., and di Primio, R. (2021) Timing and origin of 

multiple petroleum charges within the Solveig oil field, Norwegian North Sea: a Re-Os isotopic 
study:  AAPG Bulletin, v. 105, no. 1, p. 109-134.  (https://doi.org/10.1306/02272019219) 

https://doi:10.5382/econgeo.4985
https://doi.org/10.1007/s00126-023-01172-0
https://doi.org/10.1016/j.chemgeo.2022.121030
https://doi:10.1111/GGR.12448
https://doi:10.1111/GGR.12420
https://doi.org/10.1016/j.jseaes.2021.105004
https://doi.org/10.5382/econgeo.4799
https://doi.org/10.5382/econgeo.4809
https://doi.org/10.1306/02272019219
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Georgiev, S.V., Stein, H.J., Yang, G., Hannah, J.L., Böttcher, M.E., Grice, K., Holman, A.I., Turgeon, S., 

Simonsen, S., and Cloquet, C. (2021) Late Permian-Early Triassic environmental changes recorded 
by multi-isotope (Re-Os-N-Hg) data and trace metal distribution from the Hovea-3 section, 
Western Australia:  Gondwana Research, v. 88, p. 353-372.  
(https://doi.org/10.1016/j.gr.2020.07.007) 

 
Ranta, J.-P., Hanski, E., Stein, H., Goode, M., Mäki, T., Taivalkoski, A. (2020) Kivilompolo Mo 

mineralization in the Peräpohja belt revisited: Trace element geochemistry and Re-Os dating of 
molybdenite:  Bulletin of the Geological Society of Finland, v. 92, p. 131-150.  
(https://doi.org/10.17741/bgsf/92.2.004) 

 
Yang, G., Zimmerman, A., Hurtig, N.C., Georgiev, S., Goswami, V., Hannah, J.L., Stein, H.J. (2020) 

Chemical procedures for rhenium extraction from geological samples: optimizing the anion resin 
bead clean-up step:  Geostandards and Geoanalytical Research, v. 44, no 2, p. 231-242.  
(https://doi:10.1111/ggr.12318)   

 
Mikulski, S.Z., Williams, I.S., Stein, H.J., and Wierchowiec, J. (2020) U-Pb and Re-Os link magmatism 

and hydrothermal activity in the Variscan Karkonosze massif and its eastern metamorphic cover 
(SW Poland):  Minerals, v. 10, 787, 34 pages.  (https://doi:10.3390/min10090787) 

 
Hurtig, N.C., Georgiev, S.V., Zimmerman, A., Yang, G., Goswami, V., Hannah, J.L., and Stein, H.J. (2020) 

Re-Os geochronology for the NIST RM8505 crude oil: The importance of analytical protocol and 
uncertainty:  Chemical Geology, v. 539, 119381, 17 p. 
(https://doi.org/10.1016/j.chemgeo.2019.119381) 

 
Georgiev, S.V., Stein, H.J., Hannah, J.L., Yang, G., Markey, R.J., Dons, C.E., Pedersen, J.H., di Primio, R. 

(2019) Comprehensive evolution of a petroleum system in absolute time: the example of Brynhild, 
Norwegian North Sea:  Chemical Geology, v. 522, p. 260-282.   
(https://doi.org/10.1016/j.chemgeo.2019.05.025) 

 
Scarlett, A.G., Holman, A.I., Georgiev, S.V., Stein, H.J., Summons, R.G., and Grice, K. (2019) Multi 

spectroscopic and elemental characterization of southern Australian asphaltites:  Organic 
Geochemistry, v. 133, p. 77-91.  (https://doi.org/10.1016/j.orggeochem.2019.04.006) 

 
Febbo, G.E., Kennedy, L.A., Nelson, J.L. , Savell, M.J., Campbell, M.E., Creaser, R.A., Friedman, R.M., van 

Straaten, B.I., and Stein, H.J. (2019) The evolution and structural modification of the supergiant 
Mitchell Au-Cu porphyry, northwest British Columbia:  Economic Geology, v. 114, no. 2, p. 303-
324.  (https://doi.org/10.5382/econgeo.2019.4632) 

 
Hurtig, N.C., Georgiev, S.V., Stein, H.J., and Hannah, J.L. (2019) Re-Os systematics in petroleum during 

water-oil interaction: The effects of oil chemistry:  Geochimica et Cosmochimica Acta, v. 247, p. 
142-161.  (https://doi.org/10.1016/j.gca.2018.12.021)   

 
Boomeri, M., Moradi, R., Stein, H.J., and Bagheri, S. (2019) Geology, Re-Os age, S and O isotopic 

composition of the Lar Cu-Mo deposit, southeast Iran:  Ore Geology Reviews, v. 104, p. 477-494.  
(https://doi.org/10.1016/j.oregeorev.2018.11.018)  

 
Kouhestani, H., Mokhtari, M.A.A., Chang, Z., Stein H., and Johnson, C. (2018) Timing and genesis of ore 

formation in the Qarachilar Cu-Mo-Au deposit, Tethyan metallogenic belt, NW Iran: Evidence from 

https://doi.org/10.1016/j.gr.2020.07.007
https://doi.org/10.17741/bgsf/92.2.004
https://doi:10.1111/ggr.12318
https://doi:10.3390/min10090787
https://doi.org/10.1016/j.chemgeo.2019.119381
https://doi.org/10.1016/j.chemgeo.2019.05.025
https://doi.org/10.1016/j.orggeochem.2019.04.006
https://doi.org/10.5382/econgeo.2019.4632
https://doi.org/10.1016/j.gca.2018.12.021
https://doi.org/10.1016/j.oregeorev.2018.11.018
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geology, fluid inclusions, O-S isotopes and Re-Os geochronology:  Ore Geology Reviews, v. 102, p. 
757-775.  (https://doi.org/10.1016/j.oregeorev.2018.10.007)  

 
Molnár, F., Middleton, A., Stein, H., O’Brien, H., Lahaye, Y., Huhma, H., Pakkanen, L., Johansen, B. 

(2018) Repeated syn- and post-orogenic gold mineralization events between 1.92 and 1.76 Ga 
along the Kiistala shear zone in the Central Lapland Greenstone Belt:  Ore Geology Reviews, v. 101, 
p. 936-959.  (https://doi.org/10.1016/j.oregeorev.2018.08.015)  

 
Tripathy, G.R., Hannah, J.L., Stein, H.J. (2018) Refining the Jurassic-Cretaceous boundary: Re-Os 

geochronology and depositional environment of Upper Jurassic shales from the Norwegian Sea:   
Palaeogeography, Palaeoclimatology, Palaeoecology, v. 503, p. 13-25.  
(https://doi.org/10.1016/j.palaeo.2018.05.005) 

 
Georgiev, S.V., Zimmerman, A., Yang, G., Goswami, V., Hurtig, N., Stein, H.J., and Hannah, J.L. (2018) 

Comparison of chemical procedures for Re-isotopic measurements by N-TIMS:  Chemical Geology, 
v. 483, p. 151-161.  (https://doi.org/10.1016/j.chemgeo.2018.03.006) 

 
Goswami, V., Hannah, J.L., Stein, H.J. (2018) Why terrestrial coals cannot be dated using the Re-Os 

geochronometer: Evidence from the Finnmark platform, southern Barents Sea and the Fire Clay 
coal horizon, central Appalachian basin:  International Journal of Coal Geology, v. 188, p. 121-135. 
(https://doi.org/10.1016/j.coal.2018.02.005)  

 
DiMarzio, J., Georgiev, S.V., Stein, H.J., and Hannah, J.L. (2018) Residency of rhenium and osmium in a 

heavy crude oil:  Geochimica et Cosmochimica Acta, v. 220, p. 180-200.  
(https://doi.org/10.1016/j.gca.2017.09.038) 

 
Molnár, F., O’Brien, H., Stein, H., and Cook, N. (2017) Geochronology of hydrothermal processes 

leading to the formation of the Rompas Au-U prospect, Peräpohja belt, northern Finland: 
application of paired U-Pb dating of uraninite and Re-Os dating of molybdenite to the 
identification of multiple hydrothermal events in a metamorphic terrane:  Minerals, v. 7, no. 9, 
paper 171, 23 pgs.  (https://doi.org/10.3390/min7090171) 

 
Hora, Z.D., Stein, H., Zak, K., and Dobes, P. (2017) Eaglet property, southeastern British Columbia: Re-

Os geochronology, sulphur isotopes, and thermobarometry:  British Columbia Geological Survey 
Paper 2018-1, p. 157-166.  (http://www.airieprogram.org/Hora.pdf) 

 
Larsen, A.O., Stein, H.J., Hannah, J.L., and Zimmerman, A. (2017) Re-Os ages for molybdenites from the 

Saga I and Sagåsen larvikite quarries, Oslo Rift, south Norway:  Norsk Mineralsymposium, p. 77-84.  
[ISBN 978-82-690027-2-0] 

 
Lu, X. Kendall, B., Stein, H.J., and Hannah, J.L. (2017) Temporal record of osmium concentrations and 

isotopic compositions in organic-rich mudrocks: Implications for evolution of the seawater Os 
reservoir:  Geochimica et Cosmochimica Acta, v. 216, p. 221-241. 
(https://doi.org/10.1016/j.gca.2017.06.046)  

 
Hollanda, M.H., Souza Neto, J.A., Archanio, C., Stein, H., and Sartorato, A. (2017) Age of granitic 

magmatism and W-Mo mineralization in skarns of the Seridó Belt (NE Brazil) based on zircon U-Pb 
(SHRIMP) and molybdenite Re-Os ages:  Journal of South American Earth Sciences, v. 79, p. 1-11.  
(https://doi.org/10.1016/j.jsames.2017.07.011) 

 

https://doi.org/10.1016/j.oregeorev.2018.10.007
https://doi.org/10.1016/j.oregeorev.2018.08.015
https://doi.org/10.1016/j.palaeo.2018.05.005
https://doi.org/10.1016/j.chemgeo.2018.03.006
https://doi.org/10.1016/j.coal.2018.02.005
https://doi.org/10.1016/j.gca.2017.09.038
https://doi.org/10.3390/min7090171
http://www.airieprogram.org/Hora.pdf
https://doi.org/10.1016/j.gca.2017.06.046
https://doi.org/10.1016/j.jsames.2017.07.011
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Lu, X. Kendall, B., Stein, H.J. Li, C., Hannah, J.L., Gordon, G.W., and Ebbestad, J.O. (2017) Marine redox 
conditions during deposition of Late Ordovician and Early Silurian organic-rich mudrocks in the 
Siljan ring district, central Sweden: Chemical Geology, v. 457, p. 75-94.  
(https://doi.org/10.1016/j.chemgeo.2017.03.015) 

 
Mohammaddoost, H., Ghaderi, M., Kumar, T.V., Hassanzadeh, J., Alirezaei, S., Stein, H.J., Babu, E.V. 

(2017) Zircon U-Pb and molybdenite Re-Os geochronology, with S isotopic composition of sulfides 
from the Chah-Firouzeh porphyry Cu deposit, Kerman Cenozoic arc, SE Iran:  Ore Geology Reviews, 
v. 88, p. 384-399.  (https://doi.org/10.1016/j.oregeorev.2017.05.023) 

 
Torró, L., Camprubí, A., Proenza, J.A., León, P., Stein, H.J., Lewis, J.F., Nelson, C.E., Chavez, C., 

Melgarejo, J.C. (2017) Re-Os and U-Pb geochronology of the Doña Amanda and Cerro Kiosko 
deposits, Bayaguana district, Dominican Republic: looking down for the porphyry Cu-Mo roots of 
Pueblo Viejo-type mineralization in the island arc tholeiitic series of the Caribbean: Economic 
Geology, v. 112, p. 829-853.  (https://doi.org/10.2113/econgeol.112.4.829) 

 
Georgiev, S.V., Stein, H.J., Hannah, J.L., Xu, G., Bingen, B., and Weiss, H.M. (2017) Timing, duration, and 

causes for Late Jurassic-Early Cretaceous anoxia in the Barents Sea:  Earth and Planetary Science 
Letters, v. 461, p. 151-162.  (https://doi.org/10.1016/j.epsl.2016.12.035) 

 
Li, J., Zhang, Z., Stern R.A., Hannah, J.L., Stein, H.J., Yang, G., and Li, L. (2017) Primary multiple sulfur 

isotopic compositions of pyrite in 2.7 Ga shales from the Joy Lake sequence (Superior Province) 
show felsic volcanic array-like signature:  Geochimica et Cosmochimica Acta, v. 202, p. 310-340.   
(https://doi.org/10.1016/j.gca.2016.12.037) 

 
Markey, R.J., Stein, H.J., Hannah, J.L., Georgiev, S.V., Pedersen, J.H., and Dons, C.E. (2017) Re-Os 

identification of glide faulting and precise ages for correlation from the Upper Jurassic Hekkingen 
Formation, southwestern Barents Sea: Palaeogeography, Palaeoclimatology, Palaeoecology, v. 
466, p. 209-220.  (https://doi.org/10.1016/j.palaeo.2016.11.032) 

 
Georgiev, S.V., Stein, H.J., Hannah, J.L., Galimberti, R., Nali, M., Yang, G., and Zimmerman, A. (2016) 

Re-Os dating of maltenes and asphaltenes within single samples of crude oil:  Geochimica et 

Cosmochimica Acta, v. 179, p. 53-75.  (https://doi.org/10.1016/j.gca.2016.01.016) 
 
Yang, G., Zimmerman, A., Stein, H. and Hannah, J. (2015) Pretreatment of nitric acid with hydrogen 

peroxide reduces total procedural Os blank to femtogram levels:  Analytical Chemistry, v. 87, p. 
7017-7021.  (https://doi.org/10.1021/acs.analchem.5b01751) 

 
Tripathy, G.R., Hannah, J.L., Stein, H.J., Geboy, N.J., and Ruppert, L.F. (2015) Radiometric dating of 

marine-influenced coal using Re-Os geochronology:  Earth and Planetary Science Letters, v, 432, p. 
13-23.  (https://doi.org/10.1016/j.epsl.2015.09.030) 

 
Torgersen, E., Viola, G., Sandstad, J.S., Stein, H., Zwingmann, H., and Hannah, J. (2015) Effects of 

frictional-viscous oscillations and fluid flow events on the structural evolution and Re-Os pyrite-
chalcopyrite systematics of Cu-rich carbonate veins in northern Norway:  Tectonophysics, v. 659, p. 
70-90.  (https://doi.org/10.1016/j.tecto.2015.07.029) 

 
Hawke, M., Meffre, S., Stein, H., Hillard, P., Large, R., Gemmell, B. (2015) Geochronology of the 

DeGrussa volcanic-hosted massive sulfide deposit and associated mineralisation of the Yerrida, 
Bryah and Padbury Basins, Western Australia:  Precambrian Research, v. 267, p. 250-284.  
(https://doi.org/10.1016/j.precamres.2015.06.011) 
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