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1.0 Introduction 

1.1 Purpose and Scope 

The Department of Energy (DOE), including its National Energy Technology Laboratory and West 

Coast Regional Carbon Sequestration Partnership (WESTCARB), have established national programs to 

evaluate the technical feasibility of long-term subsurface geologic storage of carbon dioxide (CO2) 

produced by industrial activity. WESTCARB is a consortium of seven western U.S. States and one 

Canadian Province that is one of seven regional North American partnerships established to evaluate 

technical aspects of high-volume CO2 capture and sequestration. Collaborative WESTCARB research 

programs have included more than 90 public agencies, private companies, and non-profit organizations. 

The Arizona Geological Survey (AZGS) began work in 2010 on WESTCARB Phase III – Arizona 

Geological Characterization (California Energy Commission Agreement Number 500-10-024).  

As part of WESTCARB Phase III, AZGS is evaluating the potential for CO2 sequestration in 

geologic formations that are below a level of 800 meters (m) (2,625 feet [ft]) depth below land surface 

(bls). This evaluation is directed at porous and permeable geologic formations with impermeable sealing 

strata in Cenozoic sedimentary basins in the Basin and Range Province, and Paleozoic sedimentary 

formations in the Colorado Plateau. An initial screening of Cenozoic sedimentary basins with significant 

depth and volume below the 800 m bls level resulted in ten candidate basins from a total of 88 basins 

(Spencer, 2011). This report represents ongoing WESTCARB assessment of CO2 storage potential in the 

Picacho basin, one of ten Cenozoic basins in Arizona identified during the preliminary evaluation, and is 

part of Tasks 2 and 3 of Arizona WESTCARB Phase III. Task 2 consists of characterizing basin structure, 

stratigraphy, lithology, and the nature of seals or a cap rock. This task also includes determining the 

storage capacity of permeable sediments below 800 depth (Spencer, 2011). Task 3 is to determine if, and 

at what depth, saline groundwater approaches 10,000 milligrams per liter (mg/L) of total dissolved solids 

(TDS), characterized in a separate study (Gootee et al., 2012). This concentration represents the 

threshold above which water is considered non-potable and unsuitable as drinking water (United States 

Environmental Protection Agency). Individual-basin studies such as this study are intended to provide 

estimates of the volume of permeable strata that are capped by impermeable strata (with an interface at 

depths greater than 800 m), and that are saturated with saline groundwater (>10,000 mg/L TDS). 

1.2 Study Area 

Picacho basin is a deep Cenozoic sedimentary basin striking north and northeast in the south-

central portion of the Basin and Range tectonic Province (Plate 1). Picacho basin including Maricopa-

Stanfield-Luke basins to the west and northwest, Higley basin to the north and Avra basin to the east, 

represent several deep basins within the Basin and Range Province referred to as the Gila Trough or Gila 

Low (Peirce, 1976; Eberly and Stanley, 1978; Pool et al., 2001; Scarborough and Peirce, 1978). The 

Picacho basin consists of three major subbasins in the areas of Casa Grande, Eloy and Florence, not 
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delineated in this study. The Picacho Mountains, Picacho Peak and Samaniego Hills border the eastern 

margin of the basin, Silver Bell, Sawtooth, Silver Reef Mountains, and Casa Grande to the south and 

west, Sacaton and Santan Mountains to the north and the Mineral Mountain area to the far northeast 

margin of the basin (Plate 1). A gap between Mineral Mountain area and the Santan Mountains is 

informally referred to as the Florence gap.  

The Gila River borders the northern margin of the basin and has poorly defined tributaries. The 

principle drainage entering Picacho basin is the Santa Cruz River which distributes into Santa Cruz Flats 

near Eloy. The deepest subbasin is in the Eloy area, with a maximum depth of approximately 3,000 m 

(10,000 ft). A smaller subbasin in the Florence area is approximately 1,000 m (3,300 ft) deep; however, 

basin-fill deposits with interbedded basalt flows may be significantly deeper. The Picacho basin has an 

estimated total sediment volume of 1,668 cubic kilometers (km3) (400 cubic miles (mi3) (Spencer, 2011). 

Approximately 620 km3 (150 mi3) of basin-fill sediment is estimated to lie below a depth of 800 m (2,625 

ft). Basin-fill sediments below a depth of 800 m occupy a combined area of approximately 670 km2 (260 

mi2).   

1.3 Previous Work 

Several previous investigations of the Picacho basin have studied basin-fill stratigraphy and 

structure related to its groundwater, voluminous evaporite deposits, and earth fissures. A thorough 

assessment of the basin’s hydrogeology was characterized by Pool et al. (2001), which utilized borehole 

geophysical logs, particle-size analysis, core analysis, lithology logs, and seismic-reflection data. Pool et 

al. (2001) also synthesized previous investigations of geology and hydrogeology from surrounding basins.  

Some relevant geologic and geophysical studies of the region include those by Feth (1951), Hardt 

and Cattany (1965), Bureau of Reclamation (1977), Christie (1978), Eberly and Stanley (1978), Holzer 

(1978), Shafiqullah and others (1980), Cummings (1982), Nason and others (1982), Laney and Pankratz 

(1985), Freethey et al. (1986), Rauzi (2002), Arca (2009), Warren (2009), and Arca and Johnson (2010). 

Several investigations to study the development of earth fissures on the margins of Picacho basin, 

especially adjacent to water canals, have utilized existing and new gravity, seismic refraction and 

reflection surveys combined with other subsurface borehole data to characterize basin stratigraphy and 

structure. These include, but are not limited to, Pankratz et al. (1978), Jachens and Holzer (1979), 

Epstein (1987), and Carpenter (1990).   

2.0 Approach and Methods 

The DOE National Energy Technology Laboratory and Regional Carbon Sequestration 

Partnerships have developed methodologies for characterizing CO2 sequestration potential in 

sedimentary basins (DOE, 2010).  In this report we analyze and interpret collected data that meet basic 

criteria for characterizing the potential for carbon dioxide capture and storage (CCS) in the Picacho basin.  

Although basalt is being considered for future opportunities in CCS, and is present at depth in the 
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Picacho basin, basalt is not the focus of this characterization. Furthermore, no attempt was made to 

consider the population or infrastructure of the area as part of this assessment. 

Collection, compilation and quality assurance/quality control of well-log databases and relevant 

water-quality data were a major effort in this assessment. In addition, numerous published and 

unpublished previous works and well data were screened for applicability, acquired, scanned to PDF and 

georeferenced into ArcMap project files. These data sets were used to build two- and three-dimensional 

datasets for constructing geologic cross-sections. Subsurface geologic data were incorporated into cross-

sections, which aided in analysis of basin stratigraphy and structure at target depths below 800 m (2,625 

ft) bls. Geologic map data was obtained from Richard et al. (2000). Additional methodology is included in 

a previous report on the Safford basin, the first basin evaluated for the WESTCARB Phase III project 

(Gootee, 2012). 

3.0 Subsurface Data 

3.1 Well Data and Cross-sections 

A total of 24 wells in Picacho basin were selected for use in this evaluation, shown in Plate 1 and 

listed in Appendix A. A total of 12 ADWR wells and 12 Arizona Oil and Gas (OG) wells were used in this 

study (ADWR, 2011). The deepest well, OG well (Exxon State 74-1), is 3,103 m (10,179 ft) deep, and the 

shallowest well is 593 m (1,944 ft) deep. Borehole logs in the Florence area shallower than 593 m (1,944 

ft) were initially not included in the well-screening process; however, the logs were included in this report 

for discussion.  These wells include Salt-Gila (SG wells) initially drilled as part of an evaluation of the 

subsurface for the CAP canal. More recent exploratory borings drilled after Pool et al.’s (2001) work are 

included in this study.  

Borehole-log lithology and stratigraphy were reviewed and assigned hydrogeologic-unit IDs for 

inclusion in the Aquaveo toolset used to create geologic cross-sections. Four geologic cross-sections 

were constructed across Picacho basin, designed to characterize general structure and stratigraphy 

where available deep well data are present (Plates 2 and 3). Log information for each well listed in 

Appendix B includes a legend of stratigraphic ID’s, codes and units listed at the end of the table.  

3.2 Depth-to-Bedrock 

Depth-to-bedrock contours in the Picacho basin were taken from Richard et al. (2007), derived 

primarily from Oppenheimer and Sumner (1980) and Saltus and Jachens (1995). Calculated depth to 

bedrock is based on estimated sediment densities greater than 2.67 grams per cubic centimeter (g/cm3), 

and on the assumption that density increases abruptly at the base of middle to upper Cenozoic strata, 

with greater density for underlying bedrock that largely lacks porosity and permeability. The abrupt 

downward transition from basin filling sediments to bedrock is an aspect of Basin and Range geology that 

is not characteristic of many other basins in the United States. It results from the fact that, at the end of 
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the Laramide orogeny [at about 55 million years ago (Ma)], what is now the Basin and Range province 

was a mountain range, with erosional incision and removal of exposed rock and exhumation of deeper 

igneous and metamorphic rocks (Spencer and Reynolds, 1989). When Basin and Range extension began 

at about 25 to 30 Ma (Dickinson, 1991; Spencer et al., 1995), rocks that subsided to form the structural 

base of extensional basins were largely igneous and metamorphic rocks. A primary geologic impediment 

to accurate modeling of basin depth is the presence of high density basaltic volcanic rocks (~3.0 g/cm3) 

and the sedimentary chemical rock anhydrite (2.98 g/cm3) within basin-filling sedimentary sequences. 

Furthermore, buried, moderate-density felsic volcanic rocks may be modeled as basin-filling sedimentary 

strata, but in fact have little permeability or porosity and should be considered as bedrock. As a result of 

these factors, depth to bedrock calculations based entirely on gravity should be considered as 

approximations, with greater uncertainty for greater calculated basin depths.  

4.0 Geologic Characterization 

4.1 Geologic setting 

The Picacho basin lies within the highly extended Basin and Range tectonic and physiographic 

Province. Ranges surrounding Picacho basin are composed of a variety of Proterozoic through mid-

Tertiary plutonic, volcanic, metamorphic and sedimentary rocks (Plate 1). Bedrock ranges are likely 

flanked by high-angle normal faults forming grabens or half-grabens concealed by basin-fill pediment. 

Intervening basins are filled with thick accumulations of unconsolidated to semi-consolidated basin-fill 

sediment, probably deposited in a closed-basin setting during the late Miocene through Pliocene, and 

possibly Pleistocene. Overlying basin-fill deposits is a relatively thin sequence of alluvial deposits related 

to the development of through-flowing drainages in the area.  

Picacho basin formed most recently during the mid- to late-Miocene (~15 to 5 million years ago 

[Ma]) during crustal extension associated with the Basin and Range Province (Spencer and Reynolds, 

1989). This was preceded by large-magnitude extension during the Oligocene to early Miocene, also 

referred to as the Mid-Tertiary Orogeny. Extension during the mid-Tertiary between ~28 and 15 Ma 

(Dickinson, 1991) was accommodated along low-angle extensional detachment faults, including the 

Picacho-Catalina detachment fault north and east of Tucson Mountains, and the South Mountains – 

Higley detachment faults south and east of Phoenix. Rock assemblages were separated into an upper-

plate hanging wall and lower-plate footwall (Spencer and Reynolds, 1989). Rocks in the Tucson, 

Roskruge, Waterman, Silver Bell, Sawtooth, and Silver Reef Mountains, and Picacho Peak ranges form 

the hanging wall of the detachment fault system. Hanging wall rocks were translated to the southwest 

relative to footwall rocks now exposed in the Tortolita, Black, Picacho, Santan and Sacaton Mountains. 

The South Mountains detachment fault, possibly related to the Higley detachment fault in the Higley basin 

is estimated to have been active between ~21 and 17 Ma (Reynolds, 1985; Warren, 2009). The area of 

Picacho basin represents a region of vergence between the two major detachment fault systems with 
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dissimilar geometry fault and tilt-block domains (Warren, 2009). Subsurface delineation of the Picacho 

and South Mountains detachment faults in the Picacho basin area is unknown and not well understood. 

During extension associated with movement along detachment faults, interbedded volcanic and 

sedimentary deposits accumulated in actively subsiding basins, which may coincide with structurally deep 

portions of the Picacho basin. The older sequence of interbedded volcanic and sedimentary rocks are 

mapped locally as Tv (Plate 1). Voluminous and widespread mid-Tertiary volcanism occurred during initial 

extension and basin-formation in the region, thus, Tertiary volcanic and sedimentary rocks are considered 

to be the oldest basin-filling rocks in the Picacho basin.  

Following mid-Tertiary extension and possibly initial development of the Picacho basin, east-west 

extension during the late Miocene caused uplift of mid- and pre-Tertiary rocks surrounding the Picacho 

basin. This period of extension is referred to as the Basin and Range disturbance. Portions of mid-

Tertiary sedimentary and volcanic rocks, and older units eroded from uplifted fault-blocks and 

accumulated in the Picacho basin. This period of extension, uplift and subsidence is considered to 

represent initial deposition of the lower basin fill (LBF) in the Picacho basin. High-angle normal faulting 

associated with the Basin and Range extension commenced approximately 13 Ma and continued until 

approximately 5 Ma (Scarborough and Pierce, 1978; Menges and Pearthree, 1989).  As a result, the LBF 

was gently deformed and locally faulted. Growth strata up against faults active during faulting may be 

present. Faults active during the mid-Tertiary disturbance may have been reactivated during the Basin 

and Range extension, with relatively minor offset, although faults may have had a significant effect on 

facies changes. Detachment faults were subsequently offset by high-angle, listric faulting during the Basin 

and Range extension (Arca, 2009). 

Following deposition of the LBF, tectonism waned with periodic uplift along the basin margins, 

which likely exposed portions of older basin-fill strata. In northeastern Picacho basin and southeastern 

Higley basin near Florence, numerous basalt flows erupted onto LBF alluvial fan and playa deposits. 

Passive sedimentation resumed and continued to accumulate toward basin centers, and aggraded up to 

the margins of the basin and its divides, onlapping earlier basin-fill sediments, mid-Tertiary rocks, and 

deeply-embayed pediments. This is referred to as the upper basin-fill (UBF) sequence. Closed-basin 

sedimentation of the UBF sequence continued from the latest Miocene (?) throughout the Pliocene, and 

possibly until early Pleistocene, until internally-draining streams became integrated with the Gila drainage 

network, or by overflow into the Maricopa and Luke basins northwest of Picacho basin.  

4.2 Structure 

Geologic framework of the Picacho basin is largely controlled by geologic structures, primarily 

faults and fault-related structures closely related to its complex tectonic history. The shape of the Picacho 

basin is largely symmetric, to slightly asymmetric near Picacho Mountains, with basin-fill units tilted gently 

towards the basin center and main range-bounding structures (see cross-sections AA’ through DD’, 
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Plates 2 and 3). The Picacho-Catalina detachment fault is inferred to be concealed beneath basin-fill and 

mid-Tertiary deposits in the southeastern portion of the basin, and is exposed at the southernmost point 

of Picacho Mountains. Closely-spaced contours in depth-to-bedrock contours are interpreted to represent 

high-angle normal faults, active at least as recently as the late Miocene/Pliocene.  Thick accumulations of 

halite and anhydrite are closely associated with the steep bedrock contours. No known Quaternary faults 

are present in Picacho basin. 

Structural geology of the Florence area is poorly understood due to the dearth of subsurface data. 

Seismic reflection surveys northeastern Picacho and Avra basins (Warren, 2009), indicate westerly-

dipping low-angle structures underlying Tertiary sedimentary strata, with northeast-dipping reflectors, 

although upper-plate structure is not clear. High-angle normal faults projected on the eastern flank of the 

Santan and Picacho Mountains, with down-to-the east offset may extend into the Florence area along 

strike with the gravity low indicated in Plate 1. On the northeastern margin of Picacho basin the Elephant 

Butte fault is projected from the southern Superstition Mountains area (Ferguson and Skotnicki, 1995). 

The Elephant Butte fault appears to have been active during deposition of the mid-Tertiary volcanic and 

sedimentary sequence, and is estimated to have down-to-the west offset of ~1 km, and may have up to 

~1 km dextral offset.  Between the Santan and Mineral Mountain areas, Late-Miocene basalts 

interbedded with lower-basin fill sediment are exposed over a wide area. The basalt flows were also 

encountered in multiple boreholes. The thickness and extent of basalts may indicate a structural trough 

deeper than modeled from gravity, by as much as 600 to 800 m (2,000 to 5,250 ft) (Plate 2, section AA’). 

If lower basin-fill strata of unknown composition, including interbedded basalt flows, is deeper than 

currently estimated from gravity data, this would have the effect of increasing sediment volume below 800 

m depth by several hundred cubic kilometers. Further research into lava flow stratigraphy would provide 

more control on the geological framework in this part of the basin. 

On the southwestern margin of Picacho basin in the Sawtooth and Silver Bell Mountains, nearly 

flat-lying mid-Tertiary volcanic rocks are exposed. An abrupt increase in thickness of basin-fill sediment 

encountered by water wells suggests the presence of a high-angle fault, with down-to-the east offset. If 

mid-Tertiary volcanic strata are preserved in the hanging wall, the mid-Tertiary volcanic and/or 

sedimentary rocks may extend to the north and east underlying basin-fill strata (Plate 3, section DD’).  

Faulting in Picacho basin appears to offset primarily LBF deposits, but also the lower part of the 

UBF, with up to several hundred meters of offset along high-angle faults down-dropping LBF sediments 

towards the basin center, offsetting older units. The abrupt facies change in OG well 933, from anhydrite 

and clay into arkosic conglomerate below, may indicate a mid- to proximal alluvial fan on the margin of 

basin, perhaps controlled by an underlying range-bounding fault (section CC’, Plate 2). Progressively 

tilted bedding may be present along fault margins, especially in the LBF, and may include gently folded 

sediment and rollover anticlines in the hanging wall. Pool et al. (2001) interpreted several fault lineaments 

in Picacho basin based on stratigraphic mismatches, abrupt facies changes and closely-spaced depth-to-
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bedrock contours. The UBF it is thought to be generally flat-lying to nearly flat-lying with few faults of little 

displacement. Whether or not these faults merge with or offset an underlying detachment fault is 

unknown.  More normal faults may exist other portions of Picacho basin, but the lack of subsurface data 

inhibits their detection. The use of Interferometric Synthetic Aperture Radar (InSAR) to map the rate and 

extent of subsidence may elucidate the possibility of additional faults within the basin (not included in this 

study).   

4.3 Stratigraphy 

Stratigraphy of Cenozoic basin-fill units in the Picacho basin consists of LBF and UBF units 

formed during and following the Basin and Range tectonic event, respectively. Basin-fill stratigraphy and 

structure has been difficult to classify due to lack of age constraints, few high-quality well records, and 

difficulty correlating surface outcrops to stratigraphy in the subsurface. Nomenclature used to constrain 

basin-fill strata in Picacho basin is largely correlated with units in the Phoenix and Tucson basin areas 

based on proximity and similar stratigraphic position (Anderson, 1987; Laney and Hahn, 1986, Brown and 

Pool, 1989; Pool et al., 2001; Houser et al., 2004). Due to the relative thickness and shallow depth, 

valley-fill deposits related to through-flowing drainages were not identified in the borehole log table or 

geologic cross-sections in this study.  

4.3.1 Lower Basin Fill 

The LBF is the principle stratigraphic unit in Picacho basin and represents the majority of basin-fill 

sediment below 800 m (2,625 ft). The LBF is considered to be equivalent to the Lower Unit in Picacho 

basin (Pool et al., 2001), Lower Tinaja beds in Avra basin (Davidson, 1973; Anderson, 1989), Lower 

Alluvial Unit in Higley basin (Corkhill et al., 1993), lower part of the Lower Unit in Higley basin (Laney and 

Hahn, 1986), and the lower basin-fill in Higley basin (Gootee, 2013).  

The LBF was deposited in a closed-basin setting prior to and during active Basin and Range 

extension between approximately 17 and 6 Ma (Menges and Pearthree, 1989; Houser et al., 2004; 

Dickinson, 1999).  The earlier age constraint of the LBF is based on two potassium/argon (K/Ar) dates 

from volcanic rocks in OG well 583 below 2,761 m (9,058 ft) (Plate 2, section BB’; Appendix B). The LBF 

is more consolidated and more deformed than the upper basin fill. Thickness of the LBF ranges from 

approximately 600 to over 2,000 m (2,000 to 6,500 ft) across the basin, thinning abruptly near faults and 

fault blocks, and to less than 500 m (1,600 m) near basin margins (Plates 2 and 3). Over the structurally 

low part of the basin, depths to the top of the LBF range from 400 to 800 m (1,300 to 2,600 ft) bls, 

averaging about 600 m (2,000 ft).  

Deposits of the LBF unit are unconformable with mid-Tertiary and pre-Tertiary rocks along basin 

margins, although may be conformable with mid-Tertiary sedimentary deposits near basin centers formed 

during and subsequent to mid-Tertiary extension. The contact between the UBF and LBF is, in general, 

interpreted to represent a significant period of non-deposition associated with an increase in compaction, 
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cementation, and bulk density; however, the depositional relationship between the two is considered to be 

conformable towards basin centers and disconformable near mountain piedmonts. The contact between 

the upper and lower basin fills is not well constrained basin wide, and is difficult to discern in well log data 

alone.   

Because the LBF was likely deposited during a syn-extensional environment, at least in part, the 

LBF likely exhibits numerous facies changes, unconformities, faults and tilted bedding, especially near 

faults in the subsurface, also interpreted in a similar sequences in adjacent basins (Warren, 2009; Houser 

et al., 2004; Wagner and Johnson, 2006). Facies in the LBF exhibit coarser grained deposits near the 

basin margins and finer grained deposits towards basin centers and fault zones, although individual 

subbasin depocenters are not well-defined. Depositional environments in the LBF include alluvial fan, 

playa and lacustrine systems. 

The LBF generally consists of unconsolidated to semi-consolidated deposits ranging from coarse- 

to fine-grained clastic deposits, gypsiferous and anhydritic clayey mudstone and claystone, to massive 

anhydrite and halite interbedded with fine-grained clastics.  Composition and texture of LBF deposits vary 

greatly across the basin and subbasins. Clasts are generally composed of granitic, metamorphic and 

volcanic terrains. Silt, mud and clay have minor interbeds of sand and pebble-conglomerate lenses, and 

are commonly interspersed with gypsum, anhydrite and halite crystals and nodules grading into more 

massive deposits of anhydrite and halite. Although less common, limestone and calcareous fine-grained 

sediment is also reported in well logs north of Eloy and known massive evaporite deposits (OG wells 11-

09 and 925). OG well 11-09 encountered limestone intermixed with andesite, and is associated with light 

showings of oil and gas; however, whether this is the LBF unit or older sedimentary rock is unknown.  In 

OG well 933, underlying ~1,200 m (3,900 ft) of massive anhydrite and halite, at least 961 m (3,153 ft) of 

siltstone and sandstone grading into arkosic granite-wash conglomerate was logged. The coarse-grained 

fraction represents significant permeable sediment underlying impermeable strata. A similarly thick 

coarse-grained fanglomerate was reported in OG well 622 ~3 km to the northwest, which overlies 

metamorphic basement (Plate 3, section DD’). The coarse-grained deposits in these two wells may grade 

rapidly into fine-grained deposits and/or massive evaporite deposits away from a faulted margin towards 

the Eloy gravity low (e.g. OG well 583 to the southeast, Plate 2, section BB’). The location, thickness and 

extent of evaporite deposits in the LBF remains untested.  

The massive anhydrite and halite present in Picacho basin is thought to be one of the most 

voluminous and thickest deposits in Arizona (Rauzi, 2002; Peirce, 1976, 1981). Northeast of Eloy several 

deep exploratory wells encountered thick deposits of anhydrite, halite and gypsum, massive and 

interbedded with fine- and coarse-grained clastics. Given the thick halite and anhydrite present on the 

eastern margin of the basin, it is probable that thicker and more extensive deposits are present in the 

southern and possibly the northern gravity lows (Rauzi, 2002).The extent of evaporite deposits in the LBF 

are labeled in Plate 1, modified after Pool et al. (2001). In 2005 and 2006, Unocal and El Paso Natural 
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Gas drilled four stratigraphic holes in the Picacho basin to investigate the feasibility of storing natural gas 

in deep subsurface salt (Appendix A).  

Origin and age of the Picacho evaporite deposits may be equivalent to the Luke and possible 

Higley evaporite deposits (Peirce, 1981). Upper age constraint on the anhydrite and halite deposition in 

Picacho basin is unknown, but estimated to have ceased by 10 Ma in the Luke basin (Peirce, 1976). Late-

Miocene basalts between 8 and 10 Ma in the Florence area may post-date widespread evaporite 

deposition, but the relationship between the two areas of Picacho basin have not been observed in 

subsurface data. Evaporite conditions continue into the upper basin fill as widespread gypsiferous fine-

grained deposits.  

The lower LBF is also characterized as having andesitic basalt flows in the northeastern part of 

the basin, interbedded with unconsolidated to semi-consolidated basin-fill sediment interpreted to be 

equivalent to the LBF based on age and stratigraphic position. Lava flows have yielded radiometric ages 

of ~9 to ~6 Ma (Nason et al., 1982; Shafiqullah et al., 1980). Lava flows are likely discontinuous within 

basin-fill sediment, varying in thickness and extent. Shallow geotechnical wells drilled along the CAP 

canal (not included in Appendices) encountered andesite and basalt interbedded with loose, 

unconsolidated conglomerate, sand and silt in the Florence area. Individual flows ranged in thickness 

between 15 and 60 m (50 and 200 ft). Loose and friable to firm conglomerate derived from volcanic and 

granitic terrains is interpreted to be equivalent to the LBF unit.  In OG wells 925 and 926, olivine-bearing 

minerals and “mafic pebbles” were recorded in conglomerate from 90 to -370 m (300 to -1,214 ft) 

elevation, possibly down-gradient from basalt flows in the Florence area ~15 km (9 mi) to the northeast. In 

OG well 15, at least 500 m (1,600 ft) of “diorite breccia” was logged between 1,009 m to the total depth of 

the hole at 1,567 m (3,310 to 5,142 ft) (Plate 2, section AA’). Relatively shallow wells in the area between 

outcrops of the late-Miocene basalt and OG well 15 (not included in cross-sections or appendices) 

encountered basalt interbedded with unconsolidated coarse-grained deposits, suggesting the possibility 

that the thick diorite breccia may be equivalent to the late-Miocene basalts.  In order to determine the 

extent of lava flows and their application in basin structure, further compilation of well data and field 

mapping are needed to improve the current analysis.  Correlation of the lava flows is complicated by 

faulting, paleo-topography, and a lack of differentiation of the lava flows in well descriptions and surface 

outcrops.  

In general, due to the higher compaction and cementation of the lower LBF the permeability may 

be reduced. Secondary porosity from fractures and faults can produce high permeability values; however, 

storage capacity would be relatively low compared to less compacted sediments like the upper basin-fill 

sediments. Vertical hydraulic gradients may also be high due to fractures and faults. Therefore, faults, 

tilted beds, and the variation in the upper and lower boundaries of the lower LBF may make determining 

fluid flow complex. 
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4.3.2 Upper Basin Fill 

The UBF unit overlies the LBF and is interpreted to represent the final stage of basin-filling in the 

Picacho basin, and is thought to pre-date integration of the Gila River system, including the Santa Cruz 

River (Davidson, 1973; Laney and Hahn, 1986). The UBF coincides with the Upper and Middle units in 

Picacho basin (Pool et al., 2001), Fort Lowell Formation and Upper Tinaja beds in the Avra basin 

(Anderson, 1989; Davidson, 1973), Upper, Middle and Upper part of Lower unit in the Higley basin (Laney 

and Hahn, 1986), and Middle Alluvial Unit in Higley basin (Corkhill et al., 1993), and the UBF unit in 

Higley basin (Gootee, 2013). The UBF was deposited in a closed basin during a generally tectonically 

quiescent period during Pliocene to early (?) Pleistocene (~ 6 to 2 Ma). Few, isolated exposures of the 

UBF are present along the margins of Picacho basin, thus descriptions of the UBF are largely limited to 

well log data.  

Sediment in the UBF generally consists of unconsolidated to weakly consolidated gravel, sand, 

silt, and clay mixed with gypsum, anhydrite, and possibly halite, representing alluvial fan deposits along 

basin margins grading basinward into fine-grained and evaporite playa deposits near basin centers. 

Bedding is thought to be laterally continuous, flat-lying or nearly so, with few faults of relatively little 

displacement. Thickness of the UBF ranges from ~300 m (~1,000 ft) along basin margins to as much as 

800 m (2,600 ft) near the basin center, and averages 600 m (2,000 ft) over structural lows (Plates 2 and 

3). Deposits of predominantly gypsiferous silt and clay are present in the lower part of the UBF, although 

clay deposits as much as 500 m (1,300 ft) thick overly gypsiferous sediment across basin lows.  

4.4 Target and sealing conditions 

Both permeable and impermeable strata in the LBF exist below the 800-m depth; however, the 

thickness and lateral extent of any well-defined impermeable strata capping permeable strata below 800 

m could not be identified based on available data.  

Evaporite deposits in the upper LBF sequence, which can provide sealing conditions below 800 

m, overlie several hundred meters of permeable strata in the LBF, although these conditions may be 

limited to the eastern margin of the basin east of Eloy. Evaporite deposits may be present throughout 

much of the LBF below 800 m, although the thickness and composition of individual evaporite beds near 

the deepest parts of the basin are unknown. Gentle deformation associated with the upper LBF, where 

evaporite deposits are present, may have created gentle folds or fault traps, or both between permeable 

sediment and impermeable evaporite deposits. Abrupt facies changes adjacent to fault zones are 

apparent from well log data, and may indicate potential leak-pathways for fluid flow. Although thick 

evaporitic and clay-rich deposits are abundant and widespread in the upper basin-fill sequence, they lie 

above the 800 m target depth.  

Potential seals may also be present underneath angular unconformities or growth strata in 

portions of the lower LBF and/or mid-Tertiary deposits in the hanging walls adjacent to fault zones, 
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creating potential traps. In northeastern Picacho basin in the Florence area late-Miocene basalts 

interbedded with clastic lower basin-fill sediment may provide permeable conditions at great depths below 

800 m, although impermeable conditions are unknown.  

Liquefied petroleum gas (LPG) has been safely stored in the impermeable Luke salt body in the 

Phoenix basin since the early 1970’s. Storage of LPG in the Picacho salt bodies has also been proposed. 

Given the thickness and potential extent of salt deposits in Picacho basin, it is conceivable that liquefied 

supercritical CO2 could also be sequestered within dissolved salt caverns in the Picacho basin (Bachu 

and Rothenburg, 2003).   

4.5 Salinity and Temperature 

As part of Task 3 to determine if, and at what depth, saline groundwater approaches 10,000 

milligrams per liter (mg/L) of total dissolved solids (TDS), Gootee et al. (2012) identified salinity data from 

available databases from wells with any salinity below 800 m (2,625 ft) depth, and from wells of any depth 

with salinity greater than 5,000 mg/L TDS. These data are shown in Plate 1. Additional salinity data 

collected during WESTCARB research of the Picacho basin are included in the well-log notes in Appendix 

B and discussed below. 

Elevated groundwater salinity conditions are present in the Picacho basin.  Deep-well, direct 

salinity measurements are limited to a few exploratory borings and deep water wells. Inferences of 

groundwater salinity are drawn from chloride concentrations during mud-drilling of the OG wells, salty 

appearance, and water taste noted during drilling through evaporite deposits. Salinity data from wells in 

Picacho basin indicate an iso-salinity of at least 10,000 mg/L TDS at the top of the more massive 

evaporite sequence approximately 450 m (1,500 ft) below land surface.  

Elevated groundwater salinity is associated with evaporite deposits such as halite, anhydrite and 

gypsum, found in the lower part of the upper basin-fill and probably throughout much of the LBF below 

600 m (~2,000 ft) depth or ~ -90 m (-300 ft) elevation (Plates 2 and 3, all sections).  Evaporite deposits 

may laterally thicken and become more massive towards the gravity low southwest of Eloy, which 

remains largely untested.  

Northeast of Eloy where salt deposits appear to be thickest, OG well 923, electric conductance 

(EC) approaches 16,300 micro-Siemens per centimeter (µS/cm) (~10,000 mg/l TDS) at 487 m (1,597 ft) 

in interbedded clayey sandy silt/silty clay and anhydrite. The change in EC gradually increases from 

2,500 µS/cm at 15 m-bls (50 ft-bls) to 7,200 µS/cm at 442 m (1,450 ft), sharply to 10,320 µS/cm at ~445 

m (~1460 ft) to µS/cm 16,300 µS/cm at 486 m (1,597 ft). The increase is associated with the presence 

and abundance of anhydrite (30 to 40%) interbedded with clay and silt. In OG well 622, chloride 

concentrations of ~10,000 parts per million (ppm) were reported at 518 m (1,700 ft), increasing to 150,000 

ppm chloride at 1,786 m (5,860 ft), then to ~300 ppm chloride at ~1,800 m (~5,900 ft) throughout the rest 

of the basin (?) in coarse-grained sediment (fanglomerate) to total depth at 2,446 m (8,024 ft). The 
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decrease in chloride concentration may indicate fresh water is present in permeable strata underlying salt 

deposits. In OG well 11-12 a salty taste was reported below 415 m (1,360 ft), approximately 20 m (70 ft) 

above gypsiferous fine-grained deposits. In OG well 926 borehole temperature was an even 114⁰ F below 

1600 ft, with a sharp decrease in gamma, and increase in conductivity.  

In the Coolidge area, saline groundwater is also associated with evaporite deposits below ~450 m 

(1,500 ft); however, OG well 11-09 reported low-TDS water below 1,240 m (4,070 ft) in limestone and 

volcanic rock underlying evaporite deposits. Although this apparent difference between saline overlying 

brackish or fresh groundwater may be an aspect of groundwater quality in Picacho basin, there is 

insufficient data to support or refute this.  

5.0 Conclusions 

A potential exists in the Picacho basin to sequester CO2 in basin-fill deposits below 800 m (2,625 

ft) depth. Storage of liquid CO2 within impermeable, massive anhydrite and halite may be especially 

favorable. Impermeable sealing conditions overlying permeable strata in the LBF below 800 m depth 

outside the Picacho salt deposits are not known and inconclusive, yet may be present. Rollover anticlines 

and gentle folds may be present in basin-fill and underlying strata, which may serve as stratigraphic 

and/or structural traps capable of storing CO2. Saline groundwater is present in permeable basin-fill 

sediment surrounding more massive salt deposits; however, salinity data from one well in the lower basin-

fill below salt deposits indicates fresh water is present. Geothermal conditions are present in Picacho 

basin, although the extent, depth and origin remain unclear. One occurrence of oil and gas was reported 

below 800 m depth. Additional oil and gas reservoirs may be present in untested portions of the Picacho 

basin. 

It is recommended that additional well log data of high quality and geophysical log suites would 

be needed to adequately characterize basin-fill sediment, stratigraphy and structure. As additional InSAR 

data become available, analysis may elucidate subsurface structures in basin-fill sediment, such as 

bedrock topography and faults. Acquisition and analysis of additional existing seismic data, coupled with 

well data, would be a valuable and practical tool for furthering research of deep basin-fill stratigraphy and 

structure in the Picacho basin for the purposes of evaluating CO2 storage potential. Additionally, dipmeter 

data from new boreholes would help to validate the orientation of basin-fill strata, and underlying mid-

Tertiary units (if present). Mapping the distribution and composition of basalt flows in further detail would 

to help resolve age and stratigraphic correlation as driller-log data becomes available.  
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