
  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ISBN: 978-1-5108-3628-0 
 

15th Water-Rock Interaction 
International Symposium 2016 
(WRI 15) 
 

Evora, Portugal 
16 - 21 October 2016 

 

Editors: 
 
Jose Manuel Marques 
Antonio Chambel 
 
 

 

Procedia Earth and Planetary Science Volume 17 

 
 



Printed from e-media with permission by: 
 

Curran Associates, Inc. 
57 Morehouse Lane 

Red Hook, NY  12571 
 

 
 

Some format issues inherent in the e-media version may also appear in this print version. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Copyright© by Elsevier B.V. 
All rights reserved. 
 
Printed by Curran Associates, Inc. (2017) 
  
For permission requests, please contact Elsevier B.V. 
at the address below. 
  
Elsevier B.V. 
Radarweg 29 
Amsterdam 1043 NX 
The Netherlands 
 
 
Phone:  +31 20 485 3911 
Fax:  +31 20 485 2457 
 
http://www.elsevierpublishingsolutions.com/contact.asp 
 
 
Additional copies of this publication are available from: 
 
Curran Associates, Inc. 
57 Morehouse Lane 
Red Hook, NY 12571 USA 
Phone:  845-758-0400 
Fax:      845-758-2633 
Email:   curran@proceedings.com 
Web:     www.proceedings.com 



 Procedia Earth and Planetary Science 17   ( 2017 ) iii – xi 

Fluids and Variscan Metallogenesis in Granite Related Systems in Portugal
F. Noronha . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

Complex Coupling of Fluid Transport and Geochemical Reaction Rates: Insights from Reactive Transport Models
A. Navarre-Sitchler, H. Jung . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

Abiotic Methane in Continental Serpentinization Sites: An Overview
G. Etiope  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

Remediation of High Arsenic Aquifers by Learning from the Nature
Y. Wang, X. Xie, T. Ma, K. Pi, C. Su, Y. Liu, J. Li  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

Mike Edmunds: Fifty Years of Water, Rock and Interaction
W.G. Darling  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

The Geochemistry of Hydraulic Fracturing Fluids
A. Vengosh, A. Kondash, J. Harkness, N. Lauer, N. Warner, T.H. Darrah  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

Water, Energy and Environmental Challenges in the XXI Century: Solutions for the Future
A.C. Silva . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

Hydrogeological, Hydrogeochemical and Isotope Geochemical Features of Geothermal Waters in Simav and Environs, Western Anatolia, 
Turkey

O.A. Bello, N. Özgür, T.A. Çalışkan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
Origin of Gypsum Formations in Copper Deposit of Murgul, NE Turkey

A.S. Çol, N. Özgür, T.A. Çalışkan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
Composition and Origin of Mine Water at Zlatna Gold Mining Area (Apuseni Mountains, Romania)

D.C. Papp, I. Cociuba, C. Baciu, A. Cozma  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
Radiokrypton Dating with Atom Trap Trace Analysis

W. Jiang, G.-M. Yang, J.-Q. Gu, S.-M. Hu, Z.-T. Lu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
Fractionation of Rare-earth Elements in Surface Streams of Baransky Volcano (Etorofu, Southern Kuriles)

I.V. Bragin, G.A. Chelnokov, O.V. Chudaev, N.A. Kharitonova . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
Geochemical Genesis of Arsenic in the Geothermal Waters from the Rehai Hydrothermal System, Southwestern China

Q. Guo, M. Liu, J. Li, C. Zhou  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
Redox Reactions During Sandstone Flow-through Experiments at Geothermal Conditions

S. Regenspurg, I. Geigenmüller, E. Rybacki, H. Milsch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
Acquisition of Anion Profi les and Diffusion Coeffi cients in the Opalinus Clay at the Mont Terri Rock Laboratory (Switzerland)

C. Yu, J.-M. Matray . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
Dissolved Rare Earth Elements of Different Waters in Qaidam Basin, Northwestern China

L. Chen, T. Ma, Y. Du, C. Xiao . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
Application of Different Geothermometrical Techniques to a Low Enthalpy Thermal System

M. Blasco, L.F. Auqué, M.J. Gimeno  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65
Recharge Conceptual Model and Mineralization of Groundwater in a Semi-arid Region; Essaouira Basin (Morocco)

M. Bahir, P.M. Carreira, S. Ouhamdouch, H. Chamchati . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
Geochemical and Isotopic Tools to Deciphering the Origin of Mineralization of the Coastal Aquifer of Essaouira Basin, Morocco

S. Ouhamdouch, M. Bahir, P.M. Carreira  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
Industrial Mercury Pollution in a Mountain Valley: A Combined Geophysical and Geochemical Study

L. Charlet, F. Blancho, T. Bonnet, S. Garambois, P. Boivin, T. Ferber, D. Tisserand, S. Guedron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
Ascending Deep Fluids into Shallow Aquifer at Hydraulically Active Segments of the Western Boundary Fault of the Rhine Graben, 
Germany: Constraints from 87Sr/86Sr ratios

G. Schmidt, S.A. Najem, M. Isenbeck-Schröter, F. Freundt, M. Kraml, R. Eichstädter, W. Aeschbach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
Reactive Transport Modeling of Arsenic Mobilization in Groundwater of the Red River Floodplain, Vietnam

D. Postma, P.T.K. Trang, H.U. Sø, V.M. Lan, R. Jakobsen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85
Evolution of Silica Walls of Nanopores Filled with Water and Ions

D. Rébiscoul, J. Cambedouzou, M. Brossel, M. Baum, S. Szenknect . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88
Rare Earth and Major Elements Geochemistry of Geothermal Waters from Mutnovsky Volcano, Kamchatka

O.V. Chudaev, G.A. Chelnokov, I.V. Bragin, N.A. Kharitonova, S.N. Rychagov, A.A. Nuzhdaev, I.A. Nuzhdaev . . . . . . . . . . . . . . . . . . . . 92

Contents

doi:10.1016/S1878-5220(17)30063-2

Available online at www.sciencedirect.com

ScienceDirect



iv   Contents 

Sea Water-mineral Substance-living Matter System
B.N. Ryzhenko, E.V. Cherkasova, E.S. Sidkina  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96

Future Water-rock Interaction in Deep Repository of Spent Nuclear Fuel
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