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(red star). Black rectangle in map of Utah represents figure area. Figure adapted from 

Ge et al., (2008). 
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Figure 3. Geologic Map of Lisbon Valley area. Black rectangle represents study area and 
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Figure 4. Geologic map and cross sections of Lisbon Valley mine area. Shows the 

complex nature of various normal faults and the relay of the Lisbon Valley fault into 

the GTO fault. Red circles represent open pit mining in the area. Geologic cross-

section A-A’ represents a faulted synclinal structure within the lower Lisbon Valley 

area. Red box indicates area where cross-section completed by author using drill hole 

data. Cross-section completed by Lisbon Valley mine geologists and map adapted 

from Deolling (2004). 

Figure 5. Northern Moab fault splays. This is a relay zone of the Moab fault and is where 

field mapping and analysis was completed. Rectangles represent areas in figures 
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below. Geology and structure adapted from Doelling (2002). 

Figure 6. Geologic map of the northern Moab fault splays. Red normal faults represent 

faulting due to increased deformation bands. Blue represents faults due to joints and 

fractures. Black rectangles represent field areas and representative figures. Geology 

adapted from Davatzes (2005). 

Figure 7. Photograph looking West displaying the different units of the Entrada 

Formation. Moab tongue is on top, followed by the Curtis formation and the Slick 

Rock member. 

Figure 8. Thin section photographs of samples taken from the Lisbon Valley mine area. 

A: Disseminated malachite in Burro Canyon sandstone between detridal quartz 

grains (UT18LVM-GTO230-686, 20x). B: Disseminated pyrite and chalcopyrite 

veins in Burro Canyon sandstone (UT18LVM-GTO224, 5x). C: Disseminated 

chalcocite and chalcopyrite in lower Burro Canyon Sandstone from Centennial drill 

core (UT18LVM-CMW09). D: Carbonate cement in between sand grains in lower 

Burro Canyon sandstone from the Centennial pit at Lisbon Valley Mine (UT18LVM-

07). 

Figure 9. Paragenetic sequence of various minerals within both field areas. A. 

Paragenetic sequence of select minerals in the Burro Canyon Formation at Lisbon 
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Figure 10. Cross sections based on drill hole logging of six GTO core holes. Cretaceous 
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and shales make up most of the rocks and Beds 3-15 represent various units within 

the Burro Canyon Formation. Red stars are hand sample locations. B. Carbonate 

cement dominate the shales while copper grades are higher in fluvial sandstones of 

the lower Burro Canyon Formation. Pyrite primarily occurs in areas absent of higher-

grade copper concentrations. C. Copper is found in the form of chalcocite and 

malachite. Higher grade appears to be within proximity to the various faults. D. 

Carbonate cement lies within shales of the Mancos Formation and thin slices within 

the Burro Canyon Formation. E. Clays were analyzed using short wave infared 

(SWIR). The dominant clay was kaolinite which was also observed by Jacobs and 

Kerr (1965) in other areas where the Lisbon Valley fault outcrops. The stars 

represent individual scans and show the dominant clay within the sample. Bed 

thicknesses and total copper content were provided by Hahn and Thorson (2006) and 

Lisbon Valley mine geologists.  

Figure 11. Anaconda mapping method used to show lithology, mineralization, alteration, 

and structure inside the Centennial pit at Lisbon Valley mine. Note the varied 

lithologies in the cretaceous rocks on the left. Method based on Brimhall (2005). 

Figure 12. West side of Mill Canyon showing geology and alteration. A. Geology and 

structure based on Eichhubl (2009). B. Alteration map showing oxidized copper and 

carbonate cement. Partial bleaching of the slick rock member of the Entrada 

sandstone is also represented. C. Mn-Cu nodules on the surface of the Moab Tongue 

member of the Entrada sandstone showing their dendritic form. D. SEM image of 

Cu-Mn nodules in figure 12C.  
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Figure 13. Mill Canyon extensional step showing geology and alteration. A. Geology and 

structure based on Eichhubl (2009). B. Alteration and mineralization map of the Mill 

Canyon extensional step. C. Limonite after Cu-sulfide rimmed by malachite fill vein 

spaces in bleached (not red) Moab Tongue sandstone. D. Mn-Cu layer separates the 

upper Moab Tongue sandstone and the Curtis Formation below.  

Figure 14. Moab Fault splay intersection. A. Geology and structure based on Eichhubl 

(2009). B. Alteration and mineralization map. C. Carbonate concretions overlay 

malachite and limonite bedding. D. Carbonate concretions with overprinted 

malachite. 

Figure 15. Google Earth image of Seven-Mile Rim with XRF scanned points overlaid. 

Enclosed loops represent areas of increased elemental composition. Loops were 

created for Ca, Fe, Mn, and Cu. Shaded color areas represent the traverse while the 

colored lines represent hypothesized limits of the various colors.    

Figure 16. A-D. Handheld XRF analyses from Seven-Mile Rim. 

Figure 17. A. Photograph of Bartlett Wash area looking north. B. Bleached alteration 

overlay with faults and deformation bands. Jurassic rocks are juxtaposed against 

Cretaceous rocks. Bleached sandstones (not red) are devoid of hematite coated 

quartz grains C. Bleached Moab Tongue with brown organic spheroids. Black dots 

represent scans with the XRF. D. Thin section picture of deformation band. Note the 

smaller quartz grains defining the grain size reductive nature of the deformation 

band. 
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ABSTRACT 

Copper deposits on the Colorado Plateau are well exposed variants on the theme 

of sediment-hosted copper systems. Study of two contrasting areas in the Colorado 

Plateau, Lisbon Valley and the northern Moab fault, allows evaluation of controls on 

mineralization and their possible relationships to broader basinal processes, through a 

combination of  published work with new mapping, core logging, petrography, short-

wave infrared spectroscopy (SWIR), and geochemical analyses.  

The focus of this study was on the GTO pit in the Lisbon Valley Mine and surface 

exposures along the northern Moab Fault. Both areas occur in the vicinity of step-over 

zones along major NW-trending normal faults. Both also areas also exhibit local 

bleaching of red beds and rare bitumen, suggesting flow of reduced fluids 

(hydrocarbons?). However, in detail,  both areas differ in host, recognized alteration, and 

styles of mineralization. At Lisbon Valley, economic copper mineralization, composed 

principally of chalcocite and its weathering products, is mainly restricted to pyrite-

depleted, carbonate-cement-poor strata in the variably pyritic sandstones and 

conglomerates of the Early Cretaceous Burro Canyon formation. In this area, bleaching is 

found throughout the stratigraphic column from the Permian to the Jurassic and are 

associated with formation of secondary kaolinite and other acid-stable sheet silicates. 

Rare hematite preserved under quartz overgrowths suggests that some of the Burro 

Canyon may have been red prior to (hydrocarbon-related?) bleaching. Mineralization 

typically occurs within 100 meters of major strands of the Lisbon Valley fault system. 

By contrast, along the northern Moab Fault the bleached upper part of the Moab 

Member of the Entrada formation contains widespread sparse copper mineralization, in 
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the form of Cu(±Fe) sulfides and their weathering products. Fracture-controlled 

concentrations of Cu-Fe sulfides (now cuprian limonites) are locally abundant along 

structures at along the northern Moab fault. However, unlike at Lisbon Valley, the typical 

strata hosting Cu are Fe poor show little evidence for widespread early pyrite. The copper 

occurrences (now oxidized) have high Cu:Fe (>5:1) indicating a chalcocite-like, iron-

poor precursor. Relatively pure calcite cement and nodules are abundant close to the fault 

splays whereas variably ferroan and manganoan carbonate is extensive in the lower Moab 

Member. Evidence of selective bleaching of original red beds near faults and in favorable 

(sandy) strata is well developed in both the Curtis and Slick Rock members of the 

Entrada Formation. Where present, copper occurs with bleaching indicating that it may 

have been localized by the presence of hydrocarbons or sour gas along the northern Moab 

fault and Lisbon Valley. 

Mineralization postdates bleaching and broadly correlates with structures (second-

order) if not specifically structurally controlled (first-order). Based on published work, 

these relationships imply that mineralization is Laramide (Late Cretaceous) or younger. 

Oxidized basinal brines, focused by faults and favorable stratigraphy, are inferred to have 

carried Cu and other metals which were then trapped by reaction with sulfide. The sulfide 

came from combinations of: (1) preexisting pyrite in the host rock, (2) H2S in a second 

fluid, and/or (3) S2- generated by thermochemical or bacterial sulfate reduction by 

organic carbon. At Lisbon Valley, stratigraphic control by preexisting pyrite and a 

reducing, perhaps sulfide-bearing fluid appear to have been the key traps in the 

Cretaceous rocks; along the Moab Fault, stratigraphic localization of copper at the top of 

the Curtis in iron-poor rocks suggests a hydrocarbon or gas (H2S-bearing?) trap. These 
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results parallel evidence for similarly diverse controls on faults and stratigraphy 

elsewhere in the Paradox Basin. 
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INTRODUCTION 

Sediment-hosted copper deposits account for 25% of the world’s known reserves 

of copper and rank second only to porphyry deposits in importance. Although the general 

metallogenesis is well understood – sulfide-induced precipitation of metals from 

relatively oxidized fluids – there are many variations on this theme and even the best-

studied examples leave many questions unanswered (Kirkham, 1989; Hitzman et al., 

2005). Indeed, many of the largest districts, such as the Central African Copper Belt 

(Selley et al., 2005), are the most enigmatic. These systems can be better understood by 

studying the simpler, better-exposed variants on the Colorado Plateau, where the 

formation of copper deposits of multiple types and characteristics can be understood in 

the context of broader basinal processes. Research presented here is part of a larger 

project on understanding paleofluid flow and its consequences in the Paradox Basin of 

the Colorado Plateau (e.g., Barton, M. et al., 2018). 

Copper mineralization in the Paradox Basin has been known for more than 100 

years. Nevertheless a century of research has yet to solve key questions about the timing 

of mineralization, sources of metals, fluid drives and focusing mechanisms, and the traps 

needed to accumulate economic concentrations (Butler, 1920; Fischer, 1936; Hahn and 

Thorson, 2005; Thorson and MacIntyre, 2005; Thorson, 2018). Hahn and Thorson (2005) 

suggest a Cretaceous or Cenozoic age for copper mineralization in the Paradox Basin; 

Morrison and Parry (1986) suggest a mid-Tertiary age related to emplacement of the 

nearby La Sal Mountains laccolith complex. Saline fluids, presumably sourced from the 

evaporitic materials in the basin, are inferred to have mobilized metals perhaps from the 

Permian Cutler Group red beds beneath the mineralized units (e.g., Morrison and Parry, 
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1986; Thorson, 2018). Although widespread mineralization occurs near fault systems, 

adjacent to salt anticlines, and in variably bleached rocks, the flow paths and focusing 

mechanisms remain unclear, since these features occur in many areas without known 

mineralization. Likewise, multiple chemical traps appear possible even within a single 

district. These can be demonstrated locally but may not be the same regionally.  

This paper builds on previous studies of Paradox Basin copper deposits and adds 

new results from field and lab work. New Anaconda-style mapping and logging at the 

Lisbon Valley Mine and along the northern Moab Fault documents overall spatial 

relationships of alteration, mineralization, and structure. Complementary petrographic 

studies allow an assessment of the geologic history and key processes. Finally, there is a 

short comparison of these two areas and other sediment-hosted copper systems. 

GEOLOGIC SETTING 

Located in southeast Utah and southwest Colorado (Fig. 1), the Paradox Basin 

began forming during the Pennsylvanian Ancestral Rocky Mountains orogenic episode in 

response to flexural loading by the Uncompahgre uplift, a reverse fault system on the 

northeast side of the basin (Barbeau, 2003). Up to 2,000 meters of halite and gypsum 

were deposited during the early restricted-marine phase of basin development. Salt 

movement began in the Late Pennsylvanian or Early Permian and created a series of 

northwest-trending salt anticlines, some of which have subsequently collapsed due to salt 

withdrawal or dissolution (Carter, 1970; Thorson, 2018). The Paradox Basin exposes 

stratigraphy from the Pennsylvanian Paradox Formation up to the Cretaceous Mancos 

Shale (Fig. 2). Although the Permian Cutler Group is the dominant red clastic unit, 

deposition of red beds continued through much of the Mesozoic with a transition to more 
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carbon-rich, relatively reduced rocks by the Late Cretaceous. Most of these rocks are 

known to host copper and uranium mineralization (Fig. 2), with the most important units 

for copper being the Wingate Sandstone (Paradox and Sinbad anticlines), the 

Entrada/Curtis Formations (northern Moab Fault), and the Burro Canyon Formation 

(Lisbon Valley). The Cutler redbeds and Paradox Formation shales, among others, have 

been suggested as copper sources but the source of copper and other metals found in the 

Paradox Basin remains enigmatic (Barton, I. et al., 2018; Thorson, 2018).  

In addition to the development of the modern stratigraphy and salt deposition and 

multi-phase faulting, there is a protracted history of fluid flow including oil and gas 

generation (e.g., Nuccio and Condon, 1996). Tar sands, scattered bitumen, and modern 

oil and gas fields are among the evidence for hydrocarbon generation and flow.  Evidence 

for their absolute timing is equivocal, but the first hydrocarbon generation may date to 

the early Mesozoic (Thorson, 2018) with the maximum generation during the Laramide 

(Late Cretaceous – Early Cenozoic) when the basin reached its maximum burial under 

the Mancos Shale and (now missing) Mesa Verde Group. Significant bleaching, probably 

hydrocarbon-induced, occurs throughout the Paradox Basin (e.g., Chan et al., 2000; 

Beitler et al., 2003, 2005). Merin and Segal (1989) showed that the Wingate Sandstone 

on the Lisbon Valley anticline was bleached white by destruction of early-formed 

hematite, accompanied by the alteration of feldspars to light-colored clay minerals, most 

commonly kaolinite. Similar bleaching is seen elsewhere, for example in La Sal Creek 

Canyon on the margin of the Paradox anticline (MacIntyre, 2006; Thorson et al., 2018).  
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DISTRICT GEOLOGY 

Lisbon Valley 

Lisbon Valley, near the center of the Paradox Basin, is the geomorphic 

manifestation of one of several northwest-trending salt anticlines within the basin (Fig. 

1).  The Lisbon Valley area exposes strata ranging from Pennsylvanian Hermosa 

limestone up to the Cretaceous Mancos shale (Fig. 2). These rocks outcrop in a doubly 

plunging anticline that formed from upward salt movement began as early as the 

Permian, continued at least through the Triassic, and is followed (in the Cretaceous?) by 

salt withdrawal eastward into the Gypsum Valley and Paradox Valley salt walls (Nuccio 

and Condon, 1996; Thorson, 2005). The normal fault system generated by this process 

cuts the anticline along its axis and extends more than 20 miles along strike. This Lisbon 

Valley fault has a maximum displacement of 1,500 m (Weir and Puffet, 1960) locally 

juxtaposing Pennsylvanian against Jurassic and Cretaceous rocks. Several areas have 

complex fault patterns, particularly toward the southeast where faults step over and 

become part of an axial graben system (Fig. 3; e.g., Thorson, 2005). In this area, 

northeast-dipping faults, along with their southwest dipping-antithetic faults create a true 

graben (Fig. 4). The localization of high-grade copper in this structurally complex zone 

led Hahn and Thorson (2005) to suggest that the faults controlled flow of the copper-

bearing fluids. 

Multiple units within the lower Lisbon Valley area are mineralized, including the 

Jurassic Wingate and Navajo Sandstones, but most mineralization occurs in the 

Cretaceous Burro Canyon and Dakota Formations. These Cretaceous units plus the 

overlying Mancos Shale have been divided into 15 different units at the Lisbon Valley 

mine (Hahn and Thorson, 2005). The main copper hosts at the Lisbon Valley mine are 
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the lower member of the Burro Canyon Formation (Bed 15) and Bed 13 near the Burro 

Canyon-Dakota contact. The Burro Canyon consists of fluvial sandstone and 

conglomerate in the lower half and green to purple mudstone in the upper half. The 

overlying Dakota Sandstone, which contains some economic copper mineralization, is 

composed of brown and yellow fluvial and conglomeratic sandstone with interlayers of 

coal and mudstone (Figure 2). 

Northern Moab Fault 

The Moab fault is a roughly 45 km-long zone of normal faulting that trends NW 

along the Moab anticline (Fig. 1). The salt wall and associated faults in Spanish Valley 

juxtapose rocks as different in age as Pennsylvanian and Cretaceous.  Maximum 

displacement is about 950 m and regional structural relationships suggest that much of 

this is displacement is transferred from the Lisbon Valley fault to the south (Foxford et 

al., 1996). Displacement reaches a maximum around the middle of the Moab anticline 

and displacement diminishes to the northwest as the fault splays out into more 

complicated structures (Doelling, 2002; Eichhubl et al., 2009; Fig. 5).  

Smaller structures are locally important in directing or blocking fluid flow. In the 

northwestern area (Mill Canyon area), Eichhubl et al. (2009) mapped two types of 

structures: deformation band faults and post-deformation band faults (joint-based). 

Deformation bands accommodate shear by grain translation, crushing and rotation 

resulting in a loss of porosity; the first type of fault forms from the accumulation of these 

deformation bands (Fig. 6). Post-deformation band faults often beome reactivated and 
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can form multiple generations of fractures not associated with the accumulation of 

deformation bands. 

The faulting in this area is associated with significant fracturing and alteration. 

Davatzes et al. (2005) and Eichhubl et al. (2009) documented the structure and carbonate-

silica cementation along northern Moab fault splays as well as local occurrences of 

malachite. Their work is the basis for the added contributions here on mineralization. 

 Three stratigraphic units that have been treated as part of the Entrada Sandstone 

are related to copper mineralization (Fig. 7). The stratigraphic relationships are discussed 

in some detail by Doelling (2002). Traditionally, the Entrada Formation is , but have been 

divided into the basal Slick Rock Member (red to orange cross-bedded eolian sandstone), 

the Curtis Formation or Member (dark multi-colored thin bedded sandstone and 

siltstone), and the uppermost Moab Member (Moab Tongue; cliff-forming light-colored 

massive cross-bedded sandstone sometimes classified with the Curtis). The reddish 

colors, rounded exposures, high permeability and partial bleaching of the Slick Rock 

make this unit easily recognizable in the field (e.g., Fig. 17). The dark silty facies of the 

Curtis Formation forms a thin (<10 m) recessive unit and is well exposed only in canyon 

walls (e.g., Fig. 13D). The Moab Tongue forms steep cliffs, is very well jointed, and is 

also almost entirely bleached (not red) in the northern Moab fault area; it caps many of 

the mesas in the Mill Canyon area (e.g., Fig. 15). 

METHODS 

 Field mapping was completed using the Anaconda mapping method (Brimhall, 

2006) along transects within the Lisbon Valley mine and the northern Moab fault. Lab 

analyses were conducted using a spectrographic microscope, an SEM and hand sample to 
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billet sized sample descriptions. XRF analyses was completed using a handheld XRF in 

the field with on-the-go analyses can be performed. Six diamond drill core holes forming 

an east-west cross section of the GTO pit were logged to characterize rock type, structure, 

veins, ore minerals, carbonate cement, and clay content (Fig. 10). A Terraspec Pro was 

used to analyze hand samples to determine clay content and abundance.  

DISTRIBUTION OF ALTERATION AND MINERALIZATION 

Lisbon Valley 

Geology and Distribution of Alteration and Mineralization 

  A detailed bench map on the south side of the Centennial pit shows relationships 

across a major strand of the Lisbon Valley fault (Fig. 11). Navajo sandstone, which is a 

white and yellow cross-bedded eolian sandstone, makes up most of the footwall rocks 

while the hanging wall rocks belong to the lower part of the Burro Canyon Formation 

which consists of sandstones, mudstones, shales, and limestones. The clay-rich gouge 

zone consists of a 10m wide breccia zone of strongly silicified and bleached sandstone 

that dips 50˚ NE with a strike of 45˚.  

The GTO fault places Cretaceous and Jurassic sandstone and shale against 

Permian Cutler red beds. At their contact with the GTO fault, the Cretaceous rocks dip 

about 15° to the east (away from the fault with a gradual eastward flattening in dip 

suggesting a north-trending syncline as shown in older surface mapping by Weir and 

Puffett (1960). Shale units have mostly changed from a gray color to a light green or 

maroon color with carbonate veins passing through with numerous orientations. The 

smaller faults (Fig. 10) are drawn to be consistent with gouge in core and to account for 

the local absence of Beds 3-5 (Hahn and Thorson, 2005, proposed that Beds 3-5 are 
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absent at GTO due to stratigraphic omission rather than structural omission, however 

more recent logs show that they are present, as illustrated in Fig. 10). 

 Previous studies by Hahn and Thorson (2005), Morrison and Parry (1986), and 

Merin and Segal (1989) provide background on the mineralogy and alteration within the 

Lisbon Valley area in the southeastern part of the anticline, where the highest Cu 

concentrations are found. The Jurassic footwall rocks are predominantly altered, which 

are bleached (yellow to white), pyrite-bearing (now mainly limonite), and contains 

kaolinite (based on SWIR observations). The rock contains abundant carbonate 

concretions, sparse calcite veinlets, and scattered bitumen which locally constitutes as 

much as 10 vol. % of the rock. In current exposures, the rock is appreciably porous.  

Carbonate cement appears to be focused toward the fault and diminishes as 

sandstones start to become the dominant host rock. The clastic rocks are bleached green 

to purple, locally pyritized, and contain kaolinite and illite. The rock contains abundant 

carbonate cement and veinlets. There appears to be little to no copper mineralization in 

the presence of carbonate cement. SWIR analysis of samples taken from various facies 

show abundant kaolinite and illite adjacent to the Lisbon Valley fault, consistent with 

observations at Big Indian along the Lisbon Valley fault zone (Jacobs and Kerr, 1965). 

Carbonate cement within the GTO pit occurs primarily in shaley-limestone units devoid 

of higher-grade copper (Fig. 10) although in Centennial pit, the copper sulfides follow the 

carbonate cement. A possible explanation for this difference is that the GTO pit is along a 

splay of the main Lisbon Valley fault system and could have different fluids and timing. 

Samples collected from drill core at the GTO pit also exhibit a number of clays which can 

be depicted on figure 10E. Kaolinite is the dominant clay in the cross section and is also 
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the dominant clay in the Big Indian area, although most SWIR scans from both areas 

show a mix of clays including illite and montmorillonite (Merin and Segal, 1989). 

Fluvial sandstones and conglomerates in the Burro Canyon Formation contain 

most of the ore, with accessory copper mineralization in the Dakota. In the GTO and 

Centennial areas, the principal copper minerals are hypogene chalcocite, replaced by 

supergene malachite at depths less than ~50 m (Fig. 8A; Hahn and Thorson, 2005). 

Mineralization along the Lisbon Valley fault shows a strong structural control with the 

highest copper concentrations within the lower units of the Burro Canyon Formation. 

There are minor deformation bands that are visible on the footwall of the Lisbon Valley 

fault and overprint prior bleaching alteration. Mineralization is primarily limonite after 

copper sulfide and minor chalcopyrite in the fluvial sandstones of the Cretaceous Burro 

Canyon formation. Porosity is highest within the sandstones and they serve as the main 

host for copper in the Lisbon Valley area. Highest grades occur at the base of the Burro 

Canyon formation within beds 15 and 14 which contain >0.5% copper. Ore minerals 

within the GTO pit are: covellite, bornite, chalcocite, and malachite. Chalcocite is steely 

and forms blebs and streaks along thin bedding at the base of the Burro Canyon 

formation within the GTO pit (Bed 15, Fig. 10). Copper oxides dominate in the upper 50 

m (Hahn and Thorson, 2005). Iron-oxide free spots of malachite, presumably the 

oxidation product of chalcocite given the absence of iron, forms cement around quartz 

grains in the GTO pit area and elsewhere. 

Petrographic Observations 

Petrographic analysis shows that sulfides occur preferentially in areas with 

carbonate cement, as opposed to quartz-cemented zones. Figure 8B shows a boundary 
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between quartz dominated deformation band and a more carbonaceous cement. Pyrite and 

covellite in this photomicrograph favor the more porous cement and thus is precipitated 

in the favorable calcareous host. Fig. 8B shows interstitial bornite and covellite in 

between quartz grains. Fig. 8D, also from the Centennial pit, shows abundant carbonate 

cement in between quartz grains in sandstone. Pyrite occurs throughout the section in the 

form of disseminated blebs and local thin (<1 mm wide) veinlets. It is most abundant in 

the finer-grained (shaly) beds where it forms disseminated blebs or thin veins (<1 mm). 

Short-wave infrared (SWIR) analysis using an ASD TerraSpec Pro shows that kaolinite is 

the dominant clay in the Burro Canyon formation, with minor amounts of phengite, 

montmorillonite, and illite. Jacobs and Kerr (1965) show and increase in kaolinite in 

altered or bleached sandstones in the Lisbon Valley area and those results are mirrored 

for the Wingate formation by Merin and Segal (1989). 

Paragenesis 

 Figure 9 summarizes of the mineralogy and paragenesis in the mine area based 

on this study and previous work (Altinok, 1998; Hahn and Thorson, 2004; Barton, I. et 

al., 2018). The photos in figure 9 and similar textures show several relationships between 

cement phases and ore mineralogy from which the sequence of events can be inferred 

(Fig. 9A). The earliest phase was the diagenetic reddening of the Cretaceous sandstones 

followed by calcite cementation. Incursion of reduced (hydrocarbon-bearing?) fluids 

bleached most of the redbeds by some combination of pyrite formation and iron reduction 

and dissolution. Clays formed by the introduction of reduced fluids were acidic so 

carbonate cement would not have been very stable. This may have been accompanied by 

kaolinite formation. Copper introduction in the form of chalcocite likely postdated pyrite 
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formation, although some evidence suggests it could have been contemporaneous 

(Barton, I. et al., 2018). Supergene processes, probably related to the post-6 Ma 

exhumation of the Colorado Plateau, led to the formation of various copper oxides 

(malachite, cuprite, azurite, etc.) and limonites.  

Northern Moab Fault 

Geologic patterns along the northern Moab Fault 

Considerable earlier work provides background into the structure and alteration in 

the rocks along the northern splays of the Moab Fault (e.g. Foxford et al., 1996; Davatzes 

et al., 2005; and Eichhubl et al., 2009). In this area, copper minerals are widely 

distributed in the upper half of the Moab Tongue member of the Entrada Sandstone. The 

sandstones are primarily clean quartz arenites. The Moab Tongue is wholly bleached 

along the northern Moab Fault. On a large scale, the distribution of copper 

mineralization, added carbonate, and quartz is focused along faults and fractures, 

especially within the Mill Canyon extensional step or relay zone in between two faults 

(Fig. 13). Copper mineralization, represented by malachite and Mn-Cu oxide nodules, is 

commonly well developed away from the faults as well.  

Three general contrasting areas were selected for mapping to compare different 

parts of the trend (Fig. 5): (1) Mill Canyon, (2) Seven-Mile Rim, and (3) Bartlett Wash 

(Fig. 6).  

Geology and Distribution of Alteration and Mineralization 

1A – West of Mill Canyon: West of Mill Canyon, there is abundant faulting and 

jointing with associated carbonate concretions and veins. The Entrada and Morrison 

sandstones are the primary formations along the northern splays of the Moab fault. The 
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Moab tongue, Curtis, and Slick Rock members of the Entrada make up most of the 

footwall with Tidwell and Salt Wash members of the Morrison make up the hanging 

wall.  

Carbonate concretions are located primarily in areas of intersecting faults while 

carbonate cement bleeds out into the permeable sandstone. Mapping completed by 

Eichhubl et al., (2009) shows a clear relationship between the distribution of carbonates 

within the Moab Tongue and proximity to faults (Fig. 12B). The Moab Tongue is 

uniformly bleached, and partial. Bleaching in the Slick Rock member of the Entrada 

sandstone appears controlled either near jointing or bedding. Bleaching along joints only 

extends for a few centimeters while bleaching along bedding can go for hundreds of 

meters. Brown, spherical aggregates are interpreted as bitumen and found in the top 

layers of the Curtis formation and along some of the faults. SWIR analyses of several 

samples from the Moab member show illite.  

  Most hypogene features in this area are fracture-controlled and relatively rich in 

iron, and relict sulfides observed were mainly chalcopyrite or bornite. Bornite may be 

likelier given relatively high (> 1:1) Cu:Fe ratios.  The limonite and other iron-rich 

features along the Mill Canyon corridor are contained along fractures near faults in the 

area. Away from the faults, copper occurs in malachite and a distinctive copper-

manganese oxide. Although there are exceptions, in many cases the malachite lacks 

associated limonite and is disseminated and in nodules. The lack of limonite and high 

Cu/Fe rations determined by handheld XRF analyses indicates that these occurrences 

represent oxidized chalcocite. Sparse limonitic veins with > 500 ppm Cu by XRF are rare 

but resemble those closer to the faults.  
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The copper in Mn oxide veins and dendrites is not as common as malachite or 

limonite, but outcrop in the Moab Tongue as black veins, occurring with deformation 

bands and in fractures, with a dominantly westerly orientation (Fig. 12C). These are also 

found in a zone of high fractures, in between two normal faults. SEM analysis of the 

manganese-copper vein and dendrites reveal an average of 15% copper and 21% 

manganese with little iron content (Fig. 12D). 

1B – Mill Canyon extensional step: The Mill Canyon extensional step (Fig. 

13A) is located on the east side of Mill Canyon and is characterized by its high joint 

density and high copper abundance. This zone of Moab Tongue is highly fractured and 

contains higher proportions of quartz cement than other outcrops in this area (Eichhubl et 

al.,  2009), along with abundant other alteration and mineralization and structural 

features. There are no carbonate concretions in this area, only calcite veins in the Moab 

Tongue near or within fractures. Bitumen also occurs as brown to black spherical blebs 

within the Curtis formation and basal Moab Tongue, where it has a lighter color. As with 

the outcrop on the western side of Mill Canyon, the Moab member of the Entrada is 

completely bleached, and the Slick Rock member of the Entrada is partially bleached 

along fractures and in bedding.  

Copper is found as (1) disseminated malachite, (2) inside iron oxide-dominated 

veins with malachite halos, and (3) spherical manganese-copper blebs inside the top part 

of the Curtis formation. Disseminated malachite (type 1) occurs in areas free of iron and 

as halos surrounding iron-oxide veins (Fig. 13B). The iron oxide veins in type 2 are 

dominantly Fe but contain about 16 wt% Fe. Eichhubl et al., (2009) noted hydrocarbons 

in these veins but none were observed in this study. Manganese-copper spherical blebs 
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(type 3) are found in the upper part of the Cutler formation in a zone approximately 1 

foot thick (Fig. 13D). These manganese spheroids, like the dendrites found on the west 

side of Mill Canyon, are about 15% Cu and 21% Mn. 

1C – Mill Canyon Moab Fault Intersection: At the intersection of the main 

Moab fault and its westward splay (Fig.  14A), a triangular fault block of Moab Tongue 

contains concretionary and veined calcite along with iron oxides and copper. Bitumen is 

also common in the Moab member of the Entrada sandstone in this outcrop and occurs in 

proximity to major faults or fractures. Major faulting and fractures occur close to the 

main Moab fault and appear to lose their strength some distance away. This also rings 

true with carbonate deposition. Carbonate is deposited on this outcrop in both 

concretionary and vein-like form. Veins are far more common in this outcrop and have a 

maximum width of only a few millimeters. Carbonate concretions containing mostly of 

calcite, are deposited along bedding and occur close to major fractures in the Moab 

member of the Entrada sandstone (Fig. 14C)  

Iron oxide is present in this outcrop as Liesegang bands, in bedding with copper, 

and as halos surrounding fractures and joints. Limonite halos surrounding faults and 

fractures have turned their host sandstones yellow-brown and contain appreciable 

amounts of iron. Iron-oxide is also found in bedding planes with copper oxide (malachite) 

within proximity to the main splay off the Moab fault (Fig. 14B). The amount of iron 

oxide in bedding is minor compared the larger amounts of malachite. SWIR analyses 
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completed of various samples of the Moab Tongue resulted in mostly mixtures of 

kaolinite and illite with the occasional sample containing one of each. 

Copper occurs primarily as malachite which is disseminated throughout bedding. 

Approximately 80% of the copper that is found on this outcrop is disseminated and free 

from iron oxides. Bedded copper occurs with iron-oxide and is located close to the major 

faults where fluid flow would be highest. Minor malachite is also deposited on this 

outcrop that is free from iron oxide. Carbonate concretions that are located ~150m away 

from the main fault contain rims of malachite and contain roughly 20% calcite implying 

that the copper-bearing supergene fluids got their copper from outside of the carbonate, 

presumably post-carbonate formation (Fig. 14D). Copper is also deposited to the west of 

mill canyon on the outcrops surrounding seven-mile trail. Various scans using the XRF 

provides insight into copper-manganese-iron ratios over a given transect on the Moab 

member of the Entrada sandstone. 

2 – Seven-Mile Rim: Seven-Mile Rim is located approximately 1.5 km west of 

Mill canyon and is also truncated by a splay of the Moab fault (Fig. 15). Moab Tongue 

and the Slick Rock members of the Entrada sandstone outcrop here, as well as the Curtis 

formation. A traverse was completed and is represented by the shaded colors and the 

limits of the presence of Ca, Cu, Fe, Mn are estimated using matching colored lines (Fig. 

15). Limonites and their surrounding host rocks were analyzed for elemental 

compositions using a handheld XRF to observe any change in iron-manganese-copper 

content as one travels from the fault. The results are plotted in Table 1 and several charts 
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(Figure 16A-E). Many of the analyses for Mn and Cu were below detection limit on the 

handheld XRF and the table will reflect 0.00% for their respective analysis. 

Scans of various samples revealed a high manganese to iron ratio in which there 

was a constant iron composition relative to manganese, never dropping below 0.1%. 

Copper in this outcrop is in the form of malachite and in various limonite veins 

throughout the transect. Iron and copper content appear to generally increase the farther 

away one travels from the Moab fault splay. This can be attributed to the porous and 

favorable host rocks of the Moab member of the Entrada Sandstone. There are also 

numerous joints and fractures in which iron and then copper bearing fluid could flow 

through. Plotting copper against manganese (Fig. 16C), shows manganese with a higher 

average ppm level than copper suggesting more manganese in the system, at least on this 

outcrop. The abundance of calcium is also noted in Figs. (16D, E) and can be attributed 

to the abundance of carbonate cement in the Moab member of the Entrada Sandstone. 

Scanning for limonites and their surrounding halos has shown appreciable carbonate. 

XRF scanning was also completed in numerous places along the northern Moab fault and 

can be seen in Appendix 1.  

3 – Bartlett Wash: The final location along the northern Moab splay fault is 

Bartlett Wash (Fig. 17). Bartlett wash is the continuation of the northern Moab fault and 

the most westerly outcrop in this study. This locality has the Moab Tongue, Curtis, and 

Slick Rock formations juxtaposed against the Cretaceous Cedar Mountain and Jurassic 

Brushy Basin formations. Approximately 250 m of offset is observed here with sporadic 

beaching patterns. Bleaching in this outcrop is apparent in the Moab and Slick Rock 

members of the Entrada sandstone. Partial bleaching is observed in the Slick Rock 
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member and is typically focused along joints and fractures while the Moab Tongue is 

bleached throughout (Fig. 17B). Bleaching also appears to be towards the top half of 

foresets within the Slick Rock member of the Entrada sandstone, suggesting a buoyant 

fluid such as hydrocarbons (Thorson, 2018). Compositionally, the difference between 

bleached and unbleached sandstone is the absence of iron-oxides in bleached sandstones. 

XRF analysis of brown spheroids in the Moab member of the Entrada sandstone 

shows a high calcium and barium count suggesting a carbonate or sulfate alteration 

within the bleached sandstone. The brown spherical blebs are deposited along bedding 

and within proximity to fractures which suggest that hydrocarbon fluids came up through 

those same fractures (Fig. 17C; Table 1). Deformation bands are also prevalent in the 

Slick Rock member of the Entrada sandstone and increase in intensity as they get closer 

to the fault, some counting as high as 15/m and reaching lengths of 30 m. The 

composition of the deformation bands is quartz cement (Figure 17D) with a carbonate 

overprint as noted in other areas along the northern Moab fault (Eichubl et al., 2009). 

Deformation bands decrease in intensity approximately 20 meters away from the Moab 

fault. SWIR analyses of select samples in bleached and unbleached sandstones along the 

foot wall of the northern Moab fault in this outcrop shows that illite(-muscovite) is the 

dominant sheet silicate in this area. Copper is present only at background levels (<50 

ppm). 

Petrographic Observations 

 Carbonate occurs throughout the area as calcite, ferroan dolomite, and malachite. 

Two forms of calcite cementation occur: (1) as spherical concretions and (2) calcite veins 

and associated halos. The Moab member of the Entrada is also entirely bleached in this 
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area while the Slick Rock member of the Entrada is only partially bleached, particularly 

around joints and fractures. Copper occurs primarily as malachite along beds (mainly 

foresets), but copper is also found in the following forms: (1) manganese-copper veins 

and dendrites (2) manganese-copper spherical blebs in the Curtis formation (3) with 

limonite in veins or in bedding. 

Mineralogy and paragenesis 

Figure B summarizes the mineral paragenesis of the northern Moab Fault copper 

occurrences (Fig. A). Early features include the original early diagenetic hematite coating 

of the Moab Tongue sandstone, followed by calcite cementation and quartz and 

potassium feldspar cementation. The hematite-coated grains of the Moab Tongue 

sandstone were then bleached white by removal or reduction of Fe? as were local parts of 

the Curtis siltstones and Slick Rock Member. Introduction of bitumen, and formation of 

clays and pyrite accompanied bleaching of the red beds and may have been prior to or 

contemporaneous with the formation of carbonate concretions Copper sulfides likely 

post-dated the development of pyrite, although it is unclear when hypogene 

mineralization occurred. As at Lisbon Valley, supergene processes including oxidation of 

sulfides, weathering of ferroan carbonates, and local redistribution of metals, probably 

occurring since ~6 Ma. 

Comparing Lisbon Valley and the northern Moab Fault 

Although there are many similarities between the Moab Fault and Lisbon Valley 

parageneses (Fig. 8) there are also key differences in geology such as the density of faults 

of fractures and exposed rock units (Table 2). Mineralization is focused in lower 

Cretaceous rocks at Lisbon Valley while copper mineralization is focused within Jurassic 
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sandstones at the northern Moab Fault. Both share similar mineralogy with porous 

quartzarenites being the main host for copper mineralization. Both areas experienced 

significant bleaching of redbeds prior to copper mineralization with hydrocarbons as 

being the likely bleaching fluids. Carbonate concretions and manganese oxides are more 

abundant along the Moab Fault, and the copper mineralization is apparently considerably 

less intense though equally widespread. Pyrite is considerably more abundant at Lisbon 

Valley. The host rocks at Lisbon Valley may have been bleached by hydrocarbons, but 

they also had reduced facies and it is not self-evident that there were many red beds 

within the Cretaceous sandstones.  

DISCUSSION 

Relationship between bleaching and mineralization 

Bleaching at Lisbon Valley and the northern Moab Fault stands out in contrast to 

the surrounding red beds. The role of the causative acidic reducing fluids throughout the 

Paradox basin prior to metal deposition has been studied by various authors over the last 

30 years (Merin and Segal, 1989; Hahn and Thorson; 2005; Chan et al., 2000).  

Several processes might lead to the destruction of hematite, including bleaching 

by hydrocarbons, either through hematite conversion to pyrite or ferroan carbonate or by 

iron loss. Each of these has been suggested for Lisbon Valley and the northern Moab 

Fault by others including Merin and Segal (1989), Garden et al. (2001), and Thorson 

(2018) based on field evidence including disseminated bitumen in bleached sandstones, 

hydrocarbons within faults and fractures, and proximity to known oil pathways in the 

area. Abundant carbonate cements and pyrite within both field areas can be associated 

with a hydrocarbon-related reduction of iron oxide to pyrite or ferroan carbonate (Garden 
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et al., 2001). Further evidence for involvement of reduced basinal fluids in both areas 

comes from the observation that bleaching is permeability-controlled, is generally 

stratabound but discordant in detail, and is commonly most intense near major structures 

such as the Lisbon Valley Fault and the Moab Fault. 

The correlation of copper mineralization with bleaching points to a few genetic 

connections. Given this, it is possible that there can be more than one trap for copper in 

the two field areas, with sulfur from pyrite or sulfate reduction by organic carbon being 

the two most likely mechanism. In many places, copper-iron sulfides or ferruginous 

copper-oxide assemblages point to a precursor iron sulfide trap (as at Mill Canyon, some 

of Lisbon Valley, Cashin mine). On the other hand, studies at Lisbon Valley by Hahn and 

Thorson (2005) and at Cashin by MacIntyre (2006) show that some of the copper sulfides 

have replaced and been found with interstitial bitumen. Likewise, the widespread 

limonite-free malachite occurrences in the Moab Tongue are consistent with a non-pyritic 

(sour gas or bitumen-related) trap. 

Comparative Geologic Histories of Copper Mineralization 

The Lisbon Valley and Moab faults offer a useful comparison in the context of 

overall basin evolution. To begin with, Thorson (2005; Hahn and Thorson, 2005) 

suggests that the Paradox Basin episodes of basinal fluid flow that ultimately led to the 

deposition of copper. The earliest episode was a Jurassic influx of sulfide-bearing 

reduced fluids which bleached red sandstones by reducing hematite to pyrite while also 

leaving behind bitumen along pathways and old reservoirs. The second episode of fluid 

contained base metals in warm oxidized saline brines with copper transported as a 

chloride complex (e.g., Morrison and Parry, 1986; Breit and Meunier, 1990). In one 
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model, chloride-rich brines derived from the Paradox formation flowed up major 

structures and removed loosely bound copper ions from the voluminous red beds of the 

Cutler and Chinle formations (e.g., Breit et al., 1990; Thorson, 2018). Flow was focused 

by favorable stratigraphic and structural permeability into areas with appropriate 

chemical traps. A combination of pyrite, organic debris, sour gas (H2S), and 

hydrocarbons provided the reducing environment necessary to precipitate copper as 

sulfide.  

Comparing the two areas illustrates the diversity of possible controls. The Lisbon 

Valley deposits occur near structures along the crest of a major anticline. Mineralization 

is present in a number of units from Pennsylvanian to Cretaceous but is best developed 

near structures in the uppermost porous sandstones, all ≤1000 m stratigraphically from 

the overlying Mancos Shale – a possible seal on the fluid flow system. Carbonate cement, 

large pre-copper introduction (?) further focused fluid flow, perhaps contributing to 

eventual higher copper concentrations. Pyrite, bitumen, and coalified plant debris in the 

permeable sands provided the trap for the copper in the form of chalcocite or 

chalcopyrite-bornite. This implies a previous sulfidizing event, which could have been 

early diagenetic (reflecting the partially reduced nature of the Cretaceous section) or due 

to post-diagenetic reduction by hydrocarbon passage and local oil/gas accumulation. In 

either case, copper probably originated in Cutler red beds which were then transported 

upwards by oxidized brines that derived their salinity from Paradox Formation 

evaporites.  This is consistent with the earlier geochemical and fluid inclusion studies that 

suggested an ore fluid consisting of a near-neutral to slightly oxidized aqueous brine 
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containing 15-21% NaCl at 90-110°C (Morrison and Perry, 1986; Breit et al., 1990; Breit 

and Meunier, 1990). 

Along the northern Moab fault, hydrocarbon-related bleaching is widespread and 

mineralization is localized in the reduced (bleached), variably bitumen-bearing rocks in 

the general vicinity of but not necessarily along the Moab fault. As at Lisbon Valley, 

favorable strata are the cleaner sandstones, in this case the Moab Tongue. The Jurassic 

Summerville Formation, overlying the Moab Tongue, appears to have been a local 

aquaclude. Bleaching is pervasive in the Moab Tongue, but is less extensive in other units 

including the Slick Rock Member of the Entrada. Mineralogy is similar to Lisbon Valley 

area with well-developed calcite and ferroan carbonates; however, there is apparently 

much less in the way of (copper-) iron sulfides.  In this area, malachite lacking any 

associated iron minerals suggests that the Cu-sulfides were deposited by reaction with 

hydrocarbons or mixing with H2S rather than reaction with pre-existing pyrite. 

CONCLUSIONS 

The Paradox basin within the Colorado Plateau exhibits various fault systems and 

structure that influence hydrologic flow, even today. The Lisbon Valley district and the 

northern Moab fault are major fault systems within the Paradox basin that provided 

significant structure for fluid flow to enhance mineralization. Lisbon Valley has the bulk 

of the copper mineralization while the northern Moab fault shows signs of a distal 

mineralized system.  

Mapping in both areas suggest mineralization has a strong correlation with faults, 

with more intense alteration occurring within proximity to both the Lisbon Valley fault 

and the northern Moab fault. New mapping in the Lisbon Valley mine has detailed 
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copper mineralization occurring away from zones of pyrite and carbonate cementation 

with supergene chalcocite and malachite being the main copper ore minerals. The 

northern Moab fault has disseminated and bedded malachite. Malachite occurring on its 

own and free of iron is suggestive of direct replacement of bitumen. There are areas along 

the northern Moab fault as well that display malachite with limonite and manganese-

copper veins and dendrites. Copper follows earlier diagenetic formation of pyrite or 

hydrocarbons.  
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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Figure 6 
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Figure 7 
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Figure 8 
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Figure 9 
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Figure 10 A-B 
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Figure 10 C-D 
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Figure 10 E 
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Figure 11 
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Figure 12 
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Figure 13 
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Figure 14 
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Figure 15 
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Figure 16A-B 
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Figure 16C-D 
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Figure 16E 
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Figure 17 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



58 
 

XRF Scan Ca (%) Cu (ppm) Fe (%) Mn (%) Fe/Ca Fe/Mn Cu vs Mn/(Mn+Fe) Coordinates (UTM) Description
1111 1.26 10.00 0.04 0.00 0.03 40.00 0.02 12S 605245E / 4286107N Brown organic blebs in bleached Moab Tongue sandstone next to Moab Fault splay
1112 0.71 10.00 0.59 0.09 0.83 6.56 0.14 12S 605245E / 4286107N Brown organic blebs in bleached Moab Tongue sandstone next to Moab Fault splay
1113 0.21 10.00 0.05 0.00 0.24 50.00 0.02 12S 605245E / 4286107N Brown organic blebs in bleached Moab Tongue sandstone next to Moab Fault splay
1169 4.65 40.91 0.31 0.08 0.07 3.88 0.20 12S 607622E / 4285085N On Moab Fault Splay, limonite in Morrison Fm.
1170 5.81 13.79 0.58 0.08 0.10 7.25 0.12 12S 607595E / 4285074N On Moab Fault Splay, limonite in Moab Tongue
1171 1.10 0.47 53.06 0.00 48.24 26530.00 0.00 12S 607584E / 4285064N Fe-Cu Limonite on Moab Fault Splay, Moab Tongue
1172 5.04 77.16 0.18 0.09 0.04 2.00 0.33 12S 607565E / 4285016N Brown organic carbonates,disseminated, Moab Tongue
1173 1.87 49.22 0.15 0.00 0.08 150.00 0.01 12S 607560E / 4284985N Bleached ss surounding organic carbonates, Moab Tongue
1174 1.17 18.03 0.11 0.03 0.09 3.67 0.20 12S 607562E / 4284967N Deformation band cluster along fractures, Moab Tongue (MC19-35)
1175 1.05 53.71 0.08 0.02 0.08 3.81 0.20 12S 607601E / 4284909N Deformation band cluster along fractures, Moab Tongue (MC19-35)
1176 0.32 970.68 0.17 0.93 0.53 0.18 0.85 12S 607601E / 4284909N Deformation band cluster along fractures, Moab Tongue (MC19-37)
1177 0.34 1100.00 0.12 2.83 0.35 0.04 0.96 12S 607601E / 4284909N Deformation band cluster along fractures, Moab Tongue (MC19-37)
1178 0.37 2600.00 1.52 1.30 4.11 1.17 0.46 12S 607595E / 4284872N Limonite after Fe oxide within darker (black) band, Moab Tongue
1179 1.08 4800.00 0.21 0.03 0.19 8.40 0.11 12S 607604E / 4284847N Cu-oxide and limonite banding, surface of Moab Tongue
1180 1.40 1900.00 2.15 0.06 1.54 35.83 0.03 12S 607571E / 4284845N Black vein and limonite, Moab Tongue (MC19-38)
1181 4.95 218.58 0.17 0.02 0.03 11.11 0.08 12S 607563E / 4284840N Bleached rock next to 1180, Moab Tongue (MC19-38)
1182 0.24 609.79 0.10 0.00 0.42 N/A 0.01 12S 607576E / 4284834N Fe-limonite Lisegang Bands, Moab Tongue
1183 0.08 768.45 0.12 0.00 1.50 N/A 0.01 12S 607561E / 4284822N Fe-rich band, rust colored, Moab Tongue (MC19-39)
1184 0.08 1200.00 0.14 0.00 1.75 N/A 0.01 12S 607578E / 4284818N Bleached band in same rock as 1183, Moab Tongue (MC19-39)
1185 0.08 2400.00 0.04 0.00 0.50 N/A 0.03 12S 607572E / 4284809N Cu-oxide, disseminated, Moab Tongue (MC19-40)
1186 1.82 249.74 0.10 0.00 0.05 N/A 0.01 12S 607574E / 4284787N weathered surface, bleaached ss, same as 1185, Moab Tongue (MC19-40)
1187 0.24 36500.00 0.63 0.20 2.63 3.15 0.24 12S 607573E / 4284755N Cu-oxide-brown spot, with Limonite, Moab Tongue (MC19-41)
1188 0.28 5900.00 3.98 0.73 14.21 5.45 0.15 12S 607497E / 4284610N Iron "tube-like" feature, surrounded by Limonite stain, Moab Tongue 
1189 0.84 71900.00 112.44 0.00 133.86 37480.00 0.00 12S 607299E / 4284425N Fe-vein with copper, rust colored with Cu-oxide, Moab Tongue (MC19-43)
1190 0.43 584.23 0.52 0.17 1.21 3.06 0.25 12S 607167E / 4284374N Mn-carbonate blebs within interdune, Moab Tongue

Table 1. XRF RESULTS FROM SEVEN-MILE RIM

*Results were obtained using a handheld XRF in the field
**Normalized using a balanced list of detectable elements and separated into percent and ppm depending on detectable levels.
***Copper is the only element measured in ppm

Table 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



59 
 

Setting Stratigraphy Lithology Structure Mineralogy Bleaching (type and distribution) Source of Bleaching (evidence) Cu Ore Zoning: distribution in space Paragenesis distribution in time Main Copper Host

Lisbon Valley Mine

SE end of LV 
anticline, 
localized on 
NW-trending 
axial graben 
normal faults 
(HT05)

exposed: Jn, 
Jk, TRw, Jmb, 
Kbc, Kd 
(HT05)

Qtz arenites 
w/ feldspar, 
clay, 
carbonates, 
and lithics 
(HT05)

max. 
displacement 
(>1200m), NW-
trending 
parallel 
normal faults; 
NE dip (25-60) 
(HT05)

qtz, kspar, clay, 
carbonate, 
lithics, hc, cu-
oxide/sulfide, 
py/cpy                           
Pre-ore: Qtz, 
Kspar, pyrite, 
hc (HT05)

Yes (Upper cutler to top of Burro 
Cn). Controlled by LVF and extends 
laterally for hundreds of meters 
along bedding (MP86)

Sulfidation of original iron 
oxides by acidic reducing 
petroleum-related fluids; 
presence of pyrite and 
bitumen suggest prior 
mineralized hydrocarbon 
source (GN01)

Hypogene: cc, 
diginite, 
djurleite, bn, 
cpy 
Supergene: 
Malachite, 
azurite, cc, 
cuprite 
(HT05, BN18)

Cu-sulfides are zoned from cc at 
the center of the deposits to 
distal pyrite, with bornite and 
chalcopyrite zones in between 
(MT06,HT05,BN18)

Cu-sulfides replace bitumen and 
pyrite (BN18)

Altered Burro 
Canyon (Accesssory 
in Dakota) 
(HT05,BN18)

Northern Moab Fault

45km normal 
fault; max 
displacement 
~1000m; W-
NW trend 
normal fault 
and splays 
(FX96)

exposed: Jw, 
Jk, Jn, Je, Jm, 
Kcm, Kd 
(FX96)

Qtz arenites 
w/ feldspar, 
clay, 
carbonates, 
and lithics 
(FX96,DZ05)

displacement 
(~10's - 
1000m); NW 
trending 
curved normal 
faults 
(FX96,DZ05)

Qtz, clay, 
carbonate, 
lithics, hc, cu-
oxide, fe-oxide, 
py                       
Pre-ore: Qtz, 
hc, pyrite 
(FX96)

Bleaching of Jurassic redbeds 
followed by deposition of pyrite. 
Buoyant bleaching is inferred at 
Bartlett wash due to the bleaching 
being located at top of foresets 
(EB09)

Bleaching of Jurassic units 
attributed to the focused flow 
of hydrocarbons up along 
Moab fault and into adjacent 
Moab anticline (MP86)

Hypogene: 
cpy/bornite 
Supergene: 
Malachite, 
Azurite, 
Tenorite 
(EB09)

Malachite and hydrocarbons form 
most of the joints and fracture 
fillings of Moab Tongue with 
malachite bleeding out into 
permeable pore-space. Limonite 
Liesegang banding is also 
common with malachite blebs 
within bedding

Cu-sulfides replaced chalcopyrite 
and hydrocarbons, then oxidized? 
Micritic malachite is late-stage 
pore filling cement in contact with 
hc. Malachite is most recent 
cement phase (EB09)

Entrada (Moab 
Tongue) (EB09)

Table 2. COMPARISON TABLE OF LISBON VALLEY AND NORTHERN MOAB FAULT

*HT05: Hahn and Thorson (2005); FX96: Foxford (1996); DZ05: Davatzes (2005); MP86: Morrison and Parry (1986); EB09: Eichubl (2009); GN01: Garden (2001); BN18: Barton I. et al., (2018); MT06: MacIntyre (2006)
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