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Outline
• Laboratory intercomparisons

• Examples of extreme δ37Cl in continental settings
– Chatham group sediments, North Carolina, USA
– Salt occurrences, Atacama Desert, Chile
– China Lake, California, USA
– Chinese basins Jurassic and recent
– Safford Basin, Arizona, USA

• Fractionation and separation mechanisms



Homework

Become familiar with the graph of δD  (δ2H) versus 
δ18O as applied to hydrology.
Understand the terms

1. Global Meteoric Water Line
2. Local Meteoric Water Line
3. Evaporation trend
4. Annual amount-weighted mean
5. Altitude effect
6. Amount effect





THE PROBLEM
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Mixing of different fluid types



Tucson-Utrecht Intercomparison
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ISL 354  COMPARED WITH NIST SRM 975 
(Xiao et al, 2002)

Difference in δ37Cl, ‰ (2σ errors):

Xining Lab:   0.39 ± 0.05 

Tucson lab:  0.38 ± 0.06 

Tucson analytical precision, 1σ 0.075‰
for natural samples
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HALITE



Chatham Group environment
• Fluvial and lacustrine, thousands of meters of sediment
• In Deep River basin,  red bed sandstone and 

conglomerate, with intervining limestone and 
mudstone.  In other areas, coal.

• Tropical latitude
• In nearby basins, evidence of drying:  evaporite casts, 

mud cracks, caliche, gypsum beds (50-60 km south)
• Intruded by diabase

Olsen, P.E., Froelich, A.J., Daniels, D.L., Smoot, J.P. and Gore, P.J.W., 1991,   Rift basins of early 
Mesozoic age, in Horton, J.W. Jr. and Zullo,V.A., eds.,  The Geology of the Carolinas, Carolina 
Geological Society 50th Anniversary volume.  Knoxville, Univ. of Tennessee Press, p. 142-170

Smoot, J.P. and Olsen, P.E., 1988, Massive mudstones in basin analysis and paleoclimatic
interpretation of the Newark Supergroup, in Manspeizer, W., ed., Developments in 
Geotectonics 22:  Triassic-Jurassic rifting.  Amsterdam, Elsevier, p. 249-274.



Wake-Chatham OH isotopes groundwater
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Wake Chatham Cl isotopes
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Atacama desert



Cerro Chintoraste Halite

T. Arcuri
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Mechanism for negative δ37Cl

Diffusion?  (suggested by Arcuri and 
Brimhall, 2003)

Ion filtration?

Original  δ37Cl values?



ION FILTRATION THROUGH MEMBRANE
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ION FILTRATION IN COMPACTING MUDSTONE?

Problems:

Isolated pores filled with fluid
Little pressure change between pores
No room for back-diffusion
Ion filtration in one pore cancels back-diffusion in next 
pore
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China Lake
California



Meng et al., 2014, Jianghan Basin, 
China 



Tarim Basin
Tan et al, 2006

Kuqa



Liu et al, 1997

Qaidam Basin 
salt lakes

Oilfield Ca-Cl brines
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SAFFORD BASIN
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FRACTIONATION MECHANISMS

• We need to generate a large change (at 
least 2‰)

• We need fractionation in both positive and 
negative directions

• Mechanism is acceptable only if it also 
keeps the fractions of chloride separate in 
the long term

• Diffusion, halite crystallization can operate
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Cl isotope fractionation in a vadose playa

Winter: playa receives runoff 
all halite dissolves
small net gain of NaCl (otherwise playa salt 

would  eventually disappear) 
bulk δ37Cl doesn’t change   

Summer: no runoff 
halite crust forms, with brine beneath
small net loss of NaCl to groundwater in brine
bulk δ37Cl increases in playa



Cl isotope fractionation in a vadose playa
b0 = δ37Cl of initial brine = 0.0‰
a = net fraction of initial Cl gained during winter, 0.0‰
f  = fraction of total NaCl in salt crust
h  = δ37Cl of bulk halite crust
B = δ37Cl of brine below halite crust

=  hf/(f+1) (Rayleigh fractionation; isotope balance)
b’ = δ37Cl of brine at end of winter after one evap. cycle
q = fraction of brine discharged each summer  

ISOTOPE BALANCE GIVES:
b’ [(1-f)(1-q)  +  f  + a]  = (1-f)(1-q) B  +  fh + a(0)

brine              crust    new NaCl
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Fick’s Law 
diffusion



Playas with negative δ37Cl

• δ37Cl values  -1.5 to  -2.7 ‰

• Can’t be explained by halite crystallization

• Unlikely to be caused by diffusion, because 
negative δ37Cl would correspond with low Cl 
concentration

• Fractionated chloride source, rather than 
fractionation in basin



Koehler and Wassenaar, 2010

RAINWATER, CANADA

Guiyang:    -2.6, -4.1‰

Liu et al. 2008
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Conclusions
• Salt found in many arid/semiarid basins has a wide range 

of δ37Cl, -3 to +5 ‰
• δ37Cl  range +1 to 2 ‰ is common, and found in 

lacustrine halite or brine.
• Positive δ37Cl :   halite crystallization + vadose playa 

processes
• Near-0 δ37Cl :  phreatic playa processes
• Negative δ37Cl:  uncertain source of chloride 

fractionation; rainwater?
• Fractionation due to diffusion in weathered smectite

cannot keep different chloride fractions separate.
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