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Abstract 

 

Rising salt bodies create unique deformation patterns and faulting associated with salt tectonics. These fracture networks can influence the hydrological 

behavior of rocks near salt bodies by acting as barriers or conduits for the movement of fluids like sedimentary brine, meteoric water, hydrocarbons and 

various ore-forming fluids. Studying the field characteristics of brittle deformation near salt can help identify and rank the significance of variables 

associated with the compartmentalization of subsurface fluids by faults adjacent to salt. In the southwestern portion of the Paradox Basin, in southwestern 

Colorado, the southern end of the Gypsum Valley salt wall features a NW-trending counter-regional fault and two SW-trending radial faults. We 

combined field and laboratory analyses to investigate the paleohydrological behavior of these faults. Field observations suggest radial fractures formed 

first and are enhanced by the two radial faults, while concentric fractures formed later. Fracture intensity generally decreases with distance from the radial 

faults suggesting that some fractures were induced by faulting. Microtextures in calcite veins suggest mineralization was primarily post-kinematic. Stable 

isotopes of carbon and oxygen in calcite show the presence of two paleofluid types: meteoric water or sedimentary brines. Both are found along the radial 

faults, while one type is found along the counter-regional fault suggesting the faults in this area served as conduits to flow, but that different fluids may 

have moved along each type of fault. There is no partitioning of paleofluid types across the faults, indicating that they did not compartmentalize the 

regional, kilometer-scale fluid system. 
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GVS19Figure 8.  Photos of samples 
drilled for stable isotope 
analysis. These samples were 
also used for strontium 
isotope analysis (Fig. 11).

Figure 9. Carbon and oxygen stable isotopes plotted according to stratigraphy (left) and by structural position (right). Host material is shown as a solid symbol whereas veins 
are shown as an open symbol. Note the data tends to plot in two different groups that are different from the majority of the host rock. FWCF = Footwall of counter-regional 
fault, FWEF = Footwall  of eastern radial fault, HWWF = hanging wall of western radial fault, FWWF = Footwall of western radial fault. 
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Figure 11 . Graph (a) of strontium 
isotope data plotted against 
LOWESS curve (McArthur et al, 
2012).  Map (b) of locations of the 
samples used for strontium 
analysis and 87Sr/86Sr values. See 
Figure 1 for map location.
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Figure 6. The calculated fracture 
intensity generally decreases with 
distance from the radial faults, with the 
exception of the footwall of the 
Western Radial Fault. 
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Figure 5. Fracture orientation at each station throughout the study area. Stereoplots outlined in blue mark the 
only stations with clear and consistent timing relationships amongst exposed fracture sets. Base map is 
adapted from Escosa et al. (2018). 
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Figure 1. Geologic map and location of the 
study area, the Paradox Basin, the main salt 
walls in relation to the Uncompagre Uplift, 
and the field station locations for this study. 
Adapted from Escosa et al. (2018).

Figure 3. Cross section A-A’ showing radial 
and counter-regional faults and the relative 
amount of throw along those faults. 
Adapted from Escosa et al. (2018). See Fig.1 
for section location.

Figure 2. Stratigraphic column of the southern Paradox Basin. Blue arrows 
indicate units from which vein and/or host rock samples were collected. 
Adapted from Escosa et al. (2018).
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Fracture Style
Fractures are predominantly joints. Approximately 5-10% 
fractures are mineralized with calcite, and about 15% display 
minor faulting. Deformation bands are present but uncommon. 

Fracture Orientation
Orientations at each station of radial and concentric fractures around the 
nose of the plunging salt wall. Only three stations show clear timing 
relationships.

Fracture Abundance
Fracture intensity (Rohrbaugh et al., 2002) was calculated by first digitizing photomosaics of 
bedding plane exposures of the fracture network at a given outcrop, and then dividing the summed 
length of all digitized fractures by the area of the outcrop. To test the variability of fracturing in 
relation to fault throw, six stations on opposite sides of the faults and with varying distance from the 
faults were photographed and the fractures were traced using ArcGIS.

Fracture Timing
Timing determined by relationships of 
veins observed in the field.

 Stable Isotope Analysis 
Mineralized fractures are comprised of syntaxial calcite. Powdered samples from vein and host rocks (Figure 8) were analyzed using 
a ThermoFinnigan MAT253 Isotope Ratio Mass Spectrometer and the values (δ18O and δ13C) plotted according to stratigraphic and 
structural positions (Figure 9). The data show two fluids, different from the host rock, moving through the veins in the system, 
implying this is an open system.

Paleofluid Constraints
The paleofluids that moved through the system have ambiguous origins. 
Fluid 1 could be organic, brine or meteoric water. Fluid 2 could be organic 
water (Figure 10; Sheppard, 1986).  Paleofluids could be one fluid if the 
temperature difference between them is greater than 50°C or is very hot 
(>250°C). The temperature ranges for these fluids are poorly constrained and 
are based on twinning thickness. (Ferrill, 1991; Rybacki et al., 2013)

Strontium Isotope Analysis
Powdered samples from seven stations on opposite sides of the faults were 
chosen for strontium isotope analysis at University of Texas - Austin. When 
the data are plotted against the LOWESS curve (Figure 11; McArthur, 2012), 
the data show the paleofluids moving through the system are different than 
marine fluids present at the time of deposition. This suggests an exotic fluid 
source.
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Figure 10. Graph (a) showing the stable isotope value of fluid based on the temperature of precipitation and the measured 
oxygen isotope value in calcite. The error bars in the y-direction represent the standard deviation of the data. Stable oxygen 
values for various types of fluids (b). The colored boxes represent the two groups of precipitated calcites. 

Graph based on Friedman and O’Neil (1977)

Graph based on Sheppard (1986)

Figure 12.  Schematic cross section showing patterns of paleofluid flow with mixing between basinal brines and meteoric water. Section adapted from Escosa et al (2018).

Figure 7.  Schematic reconstruction of the timing 
and fracture history at the southern end of the 
Gypsum Valley salt wall.

a)

a)

b)
b)

Figure 4. Photos from field stations in Gypsum Valley.  a) Joints in outcrop at GVS03. b,c) 
Mineralized vein with crack-seal texture at GVS05. d) Riedel structure at GVS17, showing an 
east-side-down sense of motion.
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