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1.0 Introduction 

The Department of Energy (DOE), including its National Energy Technology Laboratory has 
established national programs to evaluate the technical feasibility of long-term subsurface geologic 
storage of carbon dioxide (CO2) produced by industrial activity. West Coast Regional Carbon 
Sequestration Partnership (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 
Higley 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 primarily of characterizing basin 
structure, stratigraphy, lithology, and, if present the nature of impermeable sealing strata that could 
effectively prevent upward migration of stored CO2. This task also includes determining the storage 
capacity of permeable strata below 800 depth (Spencer, 2011). Task 3 is to determine if, and at what 
depth, saline groundwater exceeds 10,000 milligrams per liter (mg/L) of total dissolved solids (TDS), 
characterized in a separate study (Gootee and others, 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). 

Higley basin is a northwest-trending Cenozoic basin in the south-central portion of the Basin and 
Range and southern margin of the Transition Zone tectonic provinces, with basin-fill sediment up to 
3,600 m (12,000 ft) thick (Plate 1). The cities of Tempe, Mesa, Chandler, Gilbert, Queen Creek and the 
Gila River Indian Reservation occupy Higley basin.  Higley basin is part of the Gila River watersheds, 
occupied primarily by the Queen Creek tributary. Higley basin is one of ten largest Cenozoic basins in 
Arizona identified as having CO2 Carbon Capture and Sequestration (CCS) potential (Spencer, 2011) with 
an estimated volume of 1,492 cubic kilometers (km3) (358 cubic miles (mi3)) of Cenozoic basin-fill 
sediments. Approximately 574 km3 (138 mi3) of sediments are estimated to lie below a depth of 800 m 
(2,625 ft). 

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 sequestration in the Higley basin.  Although 
basalt is being considered for future opportunities in carbon capture and storage, and is present at 
depth in the Higley basin, basalt is not the focus of this characterization. Furthermore, no attempt was 
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made to consider the population or infrastructure of the Phoenix metropolitan 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 were screened for applicability, acquired, scanned to PDF, and 
georeferenced into ArcMap project files. These data sets were used to modify the existing depth-to-
bedrock contours and build two- and three-dimensional datasets for constructing geologic cross-
sections and three-dimensional geologic models. Subsurface geologic data were incorporated into cross-
sections, which aided in analysis of basin stratigraphy at target depths below 800 m (2,625 ft) bls. 
Additional methodology is included in a previous report on Safford basin, the first basin evaluated for 
the WESTCARB Phase III project (Gootee, 2012). 

3.0 Subsurface Data 

Twenty-one deep wells in Higley basin were used in this evaluation. Well locations are shown in 
Plate 1 and listed in Appendix A.  The majority of deep-well data below 800 m-bls comes from two 
Arizona Oil and Gas (OG) wells drilled near the basin center, OG wells 605 (Cam-Roy Power Ranche No. 
1) and 611 (Camroy Power Ranche No. 2). These were originally drilled as geothermal test wells in 1973 
(Rauzi, 2002). The OG wells penetrated the total thickness of basin-fill deposits and into the underlying 
mid-Tertiary sequence. A depth greater than 550 m (1,800 ft) was chosen as initial screening criteria for 
wells in Higley basin. Borehole-log lithology was largely derived and modified from research conducted 
in the basin by Gootee and Young (during the spring of 2008; in review).  Stratigraphic picks from 
individual borehole logs were reviewed and assigned hydrogeologic-unit (HGU) identifiers (ID) for 
inclusion into the Aquaveo toolset used to create geologic cross-sections in this study. A general 
description of geologic units and HGU ID’s, and stratigraphic correlation, are listed in Table 1. Borehole 
log information and assigned units are listed in Appendix B. Geologic cross-sections AA’ to DD’ from 
Gootee and Young (in review) are illustrated in Plates 2 through 5. Criteria used to distinguish 
hydrogeologic units by Gootee and Young (in review) are summarized in this study. Geologic cross-
sections EE’ and FF’ constructed in this study are shown in Plate 6.  

Depth-to-bedrock contour data for the Higley basin is derived from two main sources. For the 
western half of the basin, west of ~111° 45’ (430,000 UTM easting), contours are taken from a 
compilation by Richard et al. (2007), primarily derived from Oppenheimer and Sumner (1980). Contours 
for the eastern half of the basin are derived from gravity data collected by ADWR in 2008 and finalized in 
early 2013 (ADWR, 2013, unpublished). The ADWR dataset includes more densely-spaced gravity data, 
contoured at 100-ft intervals. The two depth-to-bedrock datasets were merged and modified during this 
study, but only included contour intervals used by Richard et al. (2007). Depth-to-bedrock in both 
models was interpreted to represent the base of the lower basin-fill sequence, with a specific gravity of 
2.67 grams per cubic centimeter (g/cm3) or less.  

Depth to basement determined from seismic-reflection data on the northeastern portion of the 
basin (see inset in Plate 1), interpreted by Warren (2009), revealed a very thick sequence of mid-Tertiary 
volcanic and sedimentary deposits underlying the lower basin-fill sequence.  At this location the depth 
to the base of the mid-Tertiary sequence is inferred from seismic data to be ~5 km (16,400 ft) deep. The 
depth to the base of the basin-fill sequence is estimated from seismic data to be ~2,500 m (8,200 ft), as 
compared to ~1,050 m (3,500 ft) determined from gravity data (ADWR, 2013) (see section EE’, Plate 6). 
These methods represent significant differences in depth-to-bedrock, which remain unresolved. The 
mid-Tertiary deposits may be widespread throughout much of the Higley basin, especially near basin 
gravity lows; OG wells 605 and 611 are the only two wells known to intersect the mid-Tertiary sequence 
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in the basin. Differences in depth-to-bedrock between wells and gravity are shown in cross-sections EE’ 
and FF’ (Plate 6).  

In the southeastern portion of the basin in the Florence area, numerous outcrops of late-
Miocene basalt flows are interbedded with the lower basin-fill sediments (unit Tb in Plate 1). Numerous 
wells encountered these basalt flows in the Queen Creek area, and may extend north into the Apache 
Junction area where basalt is also interbedded with basin-fill deposits. The relative thickness and extent 
of the basalt flows is not well correlated in the basin within the lower portion of the lower basin-fill 
sequence (lower LAU; Table 1). Modeling of bedrock from gravity data did not include these basalt 
flows, and as such, the presence of dense basalt flows in the depth-to-bedrock model would result in 
underestimation of actual depth to bedrock by an unknown amount. In addition, vertical offset of the 
mid-Tertiary sequence along the southern margin of the Elephant Butte fault is estimated to be ~1,000 
m (3,300 ft) (Warren, 2009; Ferguson and Skotnicki, 1995) (Plate 4), which may further indicate that the 
depth-to-bedrock contours may be deeper than estimated from gravity (ADWR, 2013). 

4.0 Geologic Characterization 

4.1 Geologic Setting 

Higley basin lies in a region of highly extended crust within the Basin and Range tectonic 
province. Ranges surrounding Higley basin are composed of Proterozoic to early Tertiary plutonic and 
metamorphic crystalline rocks overlain by middle-Tertiary volcanic and sedimentary rocks. Intervening 
basins are filled with thick accumulations of unconsolidated to semi-consolidated basin-fill sediment, 
formed in a closed-basin setting during the late Miocene through Pliocene, and possibly Pleistocene. 
Overlying the basin-fill deposits are a relatively thin sequence of alluvial deposits related to the 
development of through-flowing drainages in the area. 

Higley basin is thought to have formed during Oligo-Miocene crustal extension associated with 
the Basin and Range Province (Spencer and Reynolds, 1989). Early extension was accommodated along 
major low-angle extensional detachment faults, including the South Mountain detachment fault at the 
northwestern margin of Higley Basin (Reynolds, 1985). Higley basin was initially filled with mid-Tertiary 
volcanic and sedimentary deposits, likely derived largely from the Superstition volcanic field. Along the 
northeastern margin of the Santan Mountains, Higley basin formed along the Higley Fault, a northeast-
dipping low-angle fault inferred to have been active between ~20 and 15 Ma (Warren, 2009). Similarly, 
the South Mountain detachment fault was active between ~21 and 17 Ma (Reynolds, 1985). Both 
detachment faults are estimated to have significant, top-northeast displacements (probably 25-35 km 
for South Mountains, J. Spencer, written communication, 2013). However, it is unknown whether or not 
the two faults are connected in the subsurface. The Santan and South Mountains are interpreted to 
represent the exhumed footwalls of these two fault systems.   

Northeast and east of Higley basin are the Superstition Mountains and Whitlow Canyon areas — 
part of the Superstition volcanic field, a series of felsic-dominated volcanic calderas active between ~20 
and 16 Ma (Sheridan, 1978; Ferguson and Trapp, 2001). Four main stratigraphic divisions are recognized 
between multiple cauldrons adjacent to Higley basin (Ferguson and Trapp, 2001); however, stratigraphic 
correlation with mid-Tertiary volcanic rocks in the subsurface are poorly constrained. In OG well 605, 
two Potassium-Argon (K-Ar) whole-rock dates, ~18.9 Ma from a tuffaceous arkose at 2,400 m (7,900 ft) 
and ~39 Ma from welded tuff at 2,740 m (9,000 ft) (section DD’, Plate 5) (Reynolds et al., 1986), suggest 
the existence of an early Higley Basin that accumulated volcanic and sedimentary deposits derived from 
the Superstition Mountain area.  
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Immediately overlying the mid-Tertiary sequence is a thick succession of basin-fill deposits, 
separated into lower and upper basin-fill sequences. A mid-Miocene erosional surface between mid-
Tertiary and lower basin-fill sequences identified in other basins in the Southwest (Kruger and Johnson, 
1994; Wagner and Johnson, 2006; Houser et al., 2004) may be present along the margins of the Higley 
basin, although sediments probably continued to aggrade in basin centers. By ~12 Ma, low-magnitude, 
high-angle faulting associated with the Basin and Range disturbance became active in southern Arizona 
(Scarborough and Pierce, 1978; Menges and Pearthree, 1989). In Higley basin, Basin and Range faulting 
may have been largely localized to pre-existing faults active during the mid-Tertiary Orogeny (Warren, 
2009; Kruger et al., 1995; Menges and Pearthree, 1989). As a result, the lower basin-fill unit was gently 
deformed and locally faulted. Faults active during the mid-Tertiary event may have been reactivated 
during the Basin and Range event, with relatively minor offset, although faults may have had a 
significant affect on facies changes. Basin-fill strata continued to thicken and aggrade towards the 
southern and western portions of Higley basin.  

In the southeastern Higley basin near Queen Creek and Florence, numerous basalt flows 
erupted onto lower basin-fill deposits.. Extension and faulting associated with the Basin and Range 
event appears to have largely ceased by about the end of the Miocene, followed by erosion of the lower 
basin-fill deposits along basin margins. Passive sedimentation resumed 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 sequence. Closed-basin sedimentation of 
the upper basin-fill sequence continued until internally-draining streams became integrated with the 
Salt or Gila drainage network ~3 Ma (Laney and Hahn, 1986), or by overflow into the Maricopa basin 
southwest of Higley basin (Plate 1). Thus, much of Higley basin has been largely closed since at least ~21 
Ma, accumulating basin-filling deposits since the mid-Tertiary until ~3 Ma, when the basin became 
integrated with other basins. This succession of deposits in Higley basin is referred to as the Mid-
Tertiary, lower and upper basin-fill, and valley-fill units (Table 1).  

4.2 Stratigraphy 

1.1.1 Mid-Tertiary deposits 

Mid-Tertiary deposits are inferred to be thick and widespread throughout much of the 
subsurface in Higley basin, and may represent the majority of Cenozoic terrestrial deposits well below 
the 800 m target depth (Plate 6).  In the foothills surrounding Higley basin and in the shallow subsurface, 
the mid-Tertiary sequence is described as a well-indurated, red breccia fanglomerate to conglomerate 
with interbedded sandstone and siltstone. It is late Oligocene to middle Miocene in age (Laney and 
Hahn, 1986) and is usually faulted with steep to moderate dips. The most complete section of this unit 
was penetrated by OG wells 605 and 611, near the center of the basin (Plate 1). The sequence in these 
wells is interpreted to correlate with mid-Tertiary volcanic and sedimentary deposits in the Superstition 
volcanic field based on a similar suite of extrusive igneous deposits, and a K-Ar age of ~19 Ma in the 
uppermost sequence of thick tuff deposits in both OG wells (section DD’, Plate 5).  

OG wells 605 and 611 encountered ~1,200 m (3,900 ft) of tuffaceous sediment, ash-flow tuffs, 
and lava flows. A summary of the mid-Tertiary section, from old to young, is taken from the deeper of 
the two OG wells (611) and is illustrated in section DD’ (Plate 5). The basal contact between the mid-
Tertiary sequence and basement in these wells is greater than the depth of the wells and is unknown. 
The lower 120 m (400 ft) between 3,060 and 3,190 m (10,050 and 10,450 ft) (near the total depth), is an 
interval of angular, poorly sorted, coarse-grained conglomerate and quartz sandstone with minor 
argillaceous sandstone.  Abundant mica, feldspar and quartz were observed, with occasional pebbles 
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and granules of granite and other igneous (?) rocks. The dip-orientation in the OG wells is unknown. This 
interval of conglomerate is likely granite wash locally derived from granitic terrains.  

Approximately 900 m (2,950 ft) of mafic volcanic rocks, interpreted as basalt flows, overlie the 
conglomerate between 2,750 and 3,060 m (9,020 and 10,050 ft). Basalts exhibited an overall gray-green 
color, with varying phenocryst composition. Calcareous and quartz veining, with fractures and fault 
gouge were also noted.  

Between ~2,700 and 2,000 m depth (~9,000 and 6,600 ft), tuffs and tuffaceous sediment in the 
mid-Tertiary section grade upwards into tuffaceous silt, sand and gravel that in turn grade upward into 
the lower basin-fill.  Individual tuff beds appear to be several 10’s of meters thick, to as much as 100 to 
330 m (330 to 1,000 ft). Tuff layers are described as red-brown to green-gray, welded, partly welded and 
non-welded with abundant quartz and feldspar, and a variable phenocryst composition.  Volcanic intra-
clasts indicate a lithic texture. Trace vesicles and calcareous veins, and rare pyrite were noted. 
Interbedded with the tuffs is loose, light to dark red-brown, micaceous sand and silt that are more 
abundant up-section, with beds ranging from a couple of meters to a few 10’s of meters thick. The 
upper contact between the mid-Tertiary and lower basin-fill deposits is not well defined, and may be 
paraconformable to transitional.  The mid-Tertiary sequence in the Higley basin (encountered in OG well 
611) may span all stratigraphic divisions defined by Ferguson and Trapp (2001) from the lowermost 
Whitetail Formation to the uppermost Gila Group between ~21 and 15 Ma.  

1.1.2 Lower Basin Fill 

The lower basin-fill (LBF) unit consists of a thick sequence of semi-consolidated to consolidated 
conglomerate, sand, mud, evaporites and locally-interbedded lava flows. Much of the LBF lies below 800 
m depth (Plate 6). The average thickness of the LBF ranges from ~1,200 to ~1,500 m (3,900 to 4,900 ft), 
and may be as thick as 2,300 m (7,500 ft) near basin centers. The LBF is thought have been deposited 
between ~17 and ~6 Ma, prior to and during Basin and Range high-angle normal faulting. 

Along basin margins LBF unconformably overlies faulted mid-Tertiary and basement rocks, 
equivalent to geologic map unit Tsy (Plate 1). Where exposed along the basin margins, LBF deposits are 
composed of poorly sorted pebbly gravel and cobble conglomerate with clasts of granitoid, Pinal schist 
and mid-Tertiary volcanic rocks, and lack carbonate and quartzite clasts (Richard and Spencer, 1997).  
The LBF appears to onlap basement on the northeast and southwest margins of the basin (sections AA’ 
and CC’, Plates 2 and 4). Distinguishing the lower from upper basin-fill along the margins of the basin has 
proven difficult, if not impossible from available well data (Laney and Hahn, 1986). The LBF may be split 
into lower and upper subunits (Gootee and Young, in review) (Table 1).  

1.1.2.1 Lower LBF 

The lower LBF consists of consolidated to semi-consolidated clay, sand, and conglomerate, with 
clay predominating near basin centers. Relative to the overlying upper LBF, the lower LBF is more 
consolidated, more coarse-grained, and contains more homogeneous clast composition (Brown and 
Pool, 1989; Laney and Hahn, 1986). Clasts in the lower LBF are predominantly derived from volcanic 
sources. The LBF grades upwards into granitic-sourced detritus. A range of mixed coarse and fine 
lithologies were recorded in the upper part of the lower LBF, but sandy clay and clayey sand seem to 
predominate. The contact between upper and lower LBF subunits may coincide with an impedance-
reflector seen in seismic reflection surveys, suggesting an unconformity is present (Warren, 2009; 
Gootee and Young, in review).  
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The paucity and inconsistent quality of lithologic logs in the lower LBF preclude any patterns in 
vertical changes in facies, although a fining upwards sequence may be present towards the basin center. 
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 lower compared to less compacted sediments like the upper basin-
fill sediments. Vertical hydraulic gradients may also be high due to fractures and faults. Faults, tilted 
beds, and the variation in the upper and lower boundaries of the lower LBF therefore may make 
determining fluid flow complex. 

The lower LBF is also characterized as having andesitic basalt flows in the southeastern part of 
the basin, interbedded with unconsolidated to semi-consolidated sediment. Lava flows have yielded 
radiometric ages of ~9 to ~8 Ma (Shafiqullah et al., 1980).  Lava flows are discontinuous across the basin, 
and vary in thickness and extent. Lava flows in the subsurface appear to be approximately correlative 
where well density is available, and in some cases zones of multiple lava flows were identifiable. 
However, 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.  

1.1.2.2 Upper LBF 

The upper LBF is unconsolidated to semi-consolidated and consists of a mix of coarse and fine 
clastic sediment, although it is predominantly composed of sandy clay and sand. The upper LBF is 
generally more consolidated than the overlying upper basin-fill, but less consolidated than the 
underlying lower LBF. The upper LBF consists of predominantly siltstone and mudstone with 
disseminated to massive evaporite deposits near basin centers. Fine-grained deposits coarsen towards 
basin margins, where distinction between overlying and underlying units becomes difficult to impossible 
based on available well data. No apparent vertical facies changes were observed. The upper LBF appears 
to be continuous across the basin, ranging in thickness from 0 to 120 m (0 to 400 ft) near the margins to 
90 to 360 m (300 to 1,200 ft) thick in the basin lows. The hydrogeologic character of the upper LBF may 
be similar to the lower LBF. Fracturing was not noted in any of the lithology logs; however, slight tilting 
of less than 5 degrees was noted in some cored wells. Although several faults, especially near Hawk Rock 
and Gila bedrock highs, have offset and tilted strata in the lower and upper LBF (section BB’, Plate 3).   

1.1.3 Upper Basin Fill 

The upper basin-fill (UBF) unit is continuous throughout much of the Higley basin and is entirely 
above 800 m depth (Plate 6). The UBF is less than 100 m (330 ft) thick near mountain fronts, averages 
~300 to ~500 m (~1000 to ~1,640 ft) thickness across the basin, with a maximum thickness of up to 550 
m (1,800 ft) thick in OG wells 605 and 611 near Williams Air Force Base. The UBF was deposited in a 
restricted basin between ~6 and ~3 Ma, before the development of a through-going drainage on the Salt 
or Gila River occurred. Facies in the UBF exhibit coarser grained deposits near the basin margins and 
finer grained deposits towards basin centers. Depositional environments include playa, alluvial fan and 
fluvial systems, but unlike the LBF, the UBF does not appear to contain massive or bedded evaporites 
such as gypsum or anhydrite (Laney and Hahn, 1986; Brown and Pool, 1989).   

The distribution of sand and gravel is more irregular in the UBF than the LBF.  In the southern 
half of the study area Laney and Hahn (1986) estimated that the UBF contains 70% sand and gravel, 
while near Scottsdale, the UBF is 90% silt and clay.  The contact between the UBF and the underlying LBF 
is difficult to identify from available data.  The UBF is usually lighter in color, contains heterogeneous 
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clast types, has slightly larger grain-sizes overall and lacks prominent gypsiferous silt or mudstone (Laney 
and Hahn, 1986; Brown and Pool, 1989). Much of the lithologic variety in the UBF appears to be in the 
middle and lower parts of the unit, whereas silty clay dominates the upper 1/3rd of the UBF. This may 
represent a fining upwards section. The UBF, towards the center of the basin in the area of DD' (Plate 5), 
consists primarily of sandy and gravelly clay, with interbedded clay layers. Many individual clay layers 
can be correlated between wells and can be up to 60 m (200 ft) thick. The UBF is predominantly 
unconsolidated; however minor layers of sand and clay are noted to be "hard".  

Clasts found in the UBF are more heterogeneous than the clasts of the LBF and are inferred to 
have been derived from local sources.  Clasts in the UBF include granitic rocks and schist near the Santan 
Mountains; quartzite, granite, gneiss, schist, and intermediate to mafic volcanic rocks near Mesa; and 
gneiss, granite, schist, granite wash and intermediate to mafic volcanic rocks in the southeastern part of 
the study area (Laney and Hahn, 1986; Brown and Pool, 1989; Corell and Corkhill, 1994). 

The location of the UBF-LBF contact is not well constrained along section DD'. The lower UBF 
and upper LBF are both fine-grained; however, in general, gypsiferous sediment is interpreted to 
represent the uppermost LBF, although evaporite deposits may extend up into the UBF. The 
predominantly silty bedding in the upper UBF contrasts sharply with overlying coarse, unconsolidated 
alluvium and fluvium from valley-fill deposits. Additionally, discontinuous clay layers common in the 
upper UBF, which create perched aquifers and semi-confining conditions. 

1.1.4 Valley Fill 

Deposits of the valley-fill (VF) unit in Higley basin are derived from the ancestral Salt River, 
Queen Creek and alluvial fan systems emanating from the Superstition and Santan Mountains. The Salt 
River flowed to the southwest where it joined the Gila River during most-(?) of the deposition of the VF 
before being diverted north of the South Mountains (Laney and Hahn, 1986; Brown and Pool, 1989).  

The VF unit is composed of channel, flood plain, terrace, and alluvial fan deposits, which consist 
of gravel, sand, and silt.  In general, these deposits are represented as Quaternary units in Plate 1. The 
VF is mostly unconsolidated except in piedmont areas where caliche cementation is more prevalent 
(Laney and Hahn, 1986; Brown and Pool, 1989; Péwé, 1978).  The VF is approximately 60 m (200 ft) thick 
near Queen Creek, but may be only a few feet thick to absent near mountain fronts. The thickest VF 
deposits are found near the thickest deposits of the LBF and UBF, suggesting that the deeper parts of 
the basin continued to subside, or aggrade with VF deposits, or both.   

5.0 Structural Geology 

5.1 Mid-Tertiary sequence 

The Santan Mountains is an up-thrown fault block that bounds the southern margin of Higley 
Basin. They consist mostly of Cretaceous-Tertiary granitic rocks and Proterozoic metamorphic rocks 
overlain by late Tertiary sedimentary and volcanic rocks (Ferguson and Skotnicki, 1996). Early 
Proterozoic Pinal Schist and granodiorite outcrop at the surface, and are cross-cut by Middle Proterozoic 
diabase intrusions. Southwest-tilted remnants of the mid-Tertiary volcanic sequence are exposed along 
the southwestern margin of the range (Ferguson and Skotnicki, 1996). The Higley Fault contours around 
the northern margin of the mountain range, is imaged from seismic reflection in the subsurface ~5 km 
from the mountain front, and dips northeasterly into Higley basin (Warren, 2009). The Higley Fault is 
interpreted to be the main basin-bounding fault in Higley Basin. 
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South Mountains and the South Mountains detachment fault border the western portion of the 
basin. The detachment fault dips at a low-angle to the east and southeast below mid-Tertiary deposits. 
The detachment fault represents a major geologic structure in the Higley basin, although its extent and 
relationship to the Santan and Superstition mountains is not well understood (Reynolds, 1985; Warren, 
2009). 

In the area between Tempe Buttes and South Mountains, fault blocks of the mid-Tertiary 
sequence strike northwest, dip 30 to 50 degrees to the southwest, and are cut by Tertiary normal faults 
that dip moderately to the northeast (Reynolds and Bartlett, 2002). Along the northeastern flank of the 
Santan Mountains, the mid-Tertiary sequence terminates along the low-angle, listric normal fault 
dipping to the northeast referred to as the Higley fault (Warren, 2009). A gentle southwesterly dip of the 
lower basin fill may also be apparent from stratigraphic horizons picked from well data in section CC’ 
(Plate 4), and may indicate similar but steeper dips in the underlying mid-Tertiary (?) sequence at depth. 
Strike of Higley fault is northwest to west, dips ~35 to 40 degrees to northeast, and the fault appears to 
be truncated by basin-fill strata (upper LBF) ~4 to 5 km northeast of the Santan mountains. A shallow 
roll-over anticline geometry in either the lowermost basin-fill or upper mid-Tertiary deposits ~7 to 8 km 
northeast of the Santan Mountains near 35 well 17514 may suggest fault displacement at least as young 
as the strata at this level. Progressive rotation of early to middle Miocene strata terminating along this 
fault indicates the fault must have been active during this time interval. Antithetic faults, dipping 
moderately to southwest, are inferred from seismic data, ranging from 200 to 400 m (650 to 1,300 ft) of 
down-to-southwest displacement, and truncated by overlying growth strata (Warren, 2009) (section FF’, 
horizontal distance 34,000 and 44,000 m, Plate 6). Antithetic structures identified on the northeast 
gravity lows are interpreted from seismic to have been synchronous with the Higley fault prior to 19.4 
Ma; however, northwest-southeast trending, southwest-dipping normal faults may have propagated 
with low-magnitude slip into the overlying younger sequence of basin-fill strata (Warren, 2009).  

Near the eastern margin of the basin in the Superstition Mountains, Ferguson and Skotnicki 
(1995) project the eastern margin of a cauldron structure into the basin-fill area from the surrounding 
bedrock mapping. This cauldron (referred to as the Florence Junction cauldron) has not been confirmed 
in the subsurface, yet may be present and possibly indicated by recent gravity work by ADWR (ADWR, 
2013; Plate 1). The southeastern boundary of the Higley basin is bound by a major normal fault referred 
to as the Elephant Butte fault (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.  

5.2 Basin-fill sequence 

Basin structure largely controls the lithology, thickness and physical properties of the basin-fill 
sediments in the Higley basin.  Many basins within the Basin and Range tectonic province consist of a 
downthrown structural region bounded by normal faults (Reynolds et al., 1989; Pool, 1986; Shafiqullah, 
1980). These downthrown blocks are referred to as grabens. Basin asymmetry is common and can be 
the result of multiple half-grabens or rotated fault blocks at depth, as is the case in the Higley basin. The 
graben is usually much smaller in size than the physiographic basin observed at the surface, because the 
mountain ranges of this region have been eroded and partially buried by sediment during the ~5 to 10 
million years (My) since substantial faulting ceased (Menges and Pearthree, 1989).   

The Higley Basin trends west-northwest and east-southeast with a maximum depth of over 
3,400 m (11,200 ft). More normal faults may exist in the eastern portion of the Higley basin, but the lack 
of subsurface data inhibits their detection. The use of Interferometric Synthetic Aperture Radar (InSAR) 
may elucidate the possibility of additional faults within the basin (not included in this study).   
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Laney and Hahn (1986) inferred several high-angle normal faults, interpreted from facies 
mismatches observed in well data used in their report (added to Plates 1 to 6).  Gootee and Young (in 
review) interpreted similar mismatches in facies types and thicknesses as faults. All faults inferred from 
shallow well data appear to be restricted mostly to the LBF. The UBF appears to be largely 
nondeformed. The LBF is gently tilted and moderately faulted. In OG well 724 the evaporite deposits in 
the uppermost LBF have an apparent dip of 15 degrees between 490 and 590 m (1,600 and 1,940 ft).  

A contact between the upper and lower LBF may tilt to the southwest against northeast-dipping 
faults (Gootee and Young, in review; sections AA’ and CC’, Plates 2 and 4). No known structural offsets 
or faults are known or could be determined along section DD' in the alluvial deposits or bedrock. Due to 
the depth of the area and paucity of well data along section DD’, the hydrogeologic contacts and their 
geometry are not well constrained, therefore inhibiting their interpretation. One or two possible 
exceptions to this may be present in the central part of DD' where variation of elevation and thickness of 
the upper LBF and the UBF are unexplained, possibly due to differences in structure or an erosional 
surface cut into the basin-fill units, or a combination (Plate 5).  

In the southwest part of section CC’, two bedrock highs coincide with elevated lava flows and 
may represent buried crystalline bedrock highs capped by lava flows.  This interpretation is consistent 
with existing outcrops exposed near the beginning of section CC’ in the Santan Mountains.  Elevated 
lavas flows are suggestive of a third buried bedrock high near the intersection of sections BB’ and CC’. 
The buried bedrock highs may be the result of paleo-erosion or block faulting.   

Near Hawk Rock (mile 12 in B in section BB’, Plate 3), bedrock is near the surface. Interbedded 
lava flows with consolidated sediment, interpreted to be the lower LBF, indicates that Hawk Rock is a 
structural horst, with faults on either side. Faults basin-wards of Hawk Rock were not confirmed or 
shown, but are suspected. The Hawk Rock horst has raised ~210 m (700 ft) of the LBF, and 
approximately 490 m (1,600 ft) of bedrock. Faults identified by Laney and Hahn (1986) were projected 
into section BB' and were confirmed by differences in bedrock and alluvial geometries between Hawk 
Rock horst and Spook Hill (section BB’, Plate 3).  

Near the southeastern margin of the Higley basin, all geologic units and bedrock approach the 
surface. The basin-fill deposits appear to dip gently to the northwest and are interpreted to be faulted 
blocks. The abundant wells drilled through nearby basalt flows have allowed better resolution into the 
structure and stratigraphy of this part of the basin, although it is unclear what the orientation of these 
structures are along strike and at depth. Further research into lava flow stratigraphy would provide 
more control on the geological framework in this part of the basin. 

6.0 Target and sealing conditions 

Both permeable and impermeable strata in the lower basin-fill and mid-Tertiary deposits 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.  

In the mid-Tertiary sequence, conglomerate and basalt below 2,750 m (9,020 ft) may provide 
porous strata below overlying non-permeable tuffs; however, fractures and faults in the tuffaceous 
portion may be abundant. Potential seals may also be present underneath angular unconformities or 
growth strata in portions of the lower LBF and/or mid-Tertiary deposits adjacent to the Higley Fault 
below 800 m. Mid-Tertiary faults may project into overlying basin-fill deposits where evaporite deposits 
are present, creating potential traps. 
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Evaporite deposits in the upper LBF sequence, which may provide sealing conditions near and 
below 800 m, overlie several hundred meters of permeable strata in the LBF. 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 create gentle folds or fault traps between 
permeable sediment and impermeable evaporite deposits. Although the upper basin-fill sequence exists 
close to the 800 m depth, no conclusive sealing conditions could be identified in upper basin-fill 
sediments near 800 m.  

7.0 Salinity and Temperature 

Elevated groundwater salinity and geothermal groundwater conditions are both present in the 
Higley basin.  Deep-well, direct salinity measurements are scant in the Higley basin. 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, and salt encrustations on 
cuttings.  

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 (sections EE’ and FF’, Plate 6).  Rauzi (2002) 
concluded from the same well data used in this study that evaporite deposits extend over an area 
similar in extent to the 800-m (2,625-ft) depth bls contour (Plate 1). Evaporite deposits may laterally 
thicken and become more massive towards the gravity low west of section EE’ (Plate 1), which remains 
untested.  

In OG well 724, 550 mg/L total dissolved solids (TDS) was recorded at 214 m (703 ft) bls, and 
1,102 mg/L at 275 m (903 ft). Salty taste was also noted in cuttings in well 724 from 451 to 485 m depth 
(1,480 to 1,590 ft), and between 485 and 591 m depth (1,590 and 1,940 ft) a strong salty taste is 
associated with disseminated gypsum and anhydrite in silty clay (Rauzi, 2002). In 35-well 16995 
anhydrite and gypsum were encountered between 681 and 826 m depth (2,235 and 2,710 ft). Mud 
salinity of ~52,000 parts per million (ppm) chloride, low gamma-ray values, and annotations of salty 
taste and halite beds indicate that salt was encountered in this interval (Rauzi, 2002). The upper extent 
of elevated salinity associated with evaporite deposits are annotated in sections EE’ and FF’ (Plate 6). 

Evaporite deposits were encountered in OG wells 605 and 611 between 700 to 1,170 m (2,290 
to 3,850 ft). Mud salinity in the evaporite interval was ~80,000 ppm chloride, with considerable 
washout, which may indicate salt is also present (Rauzi, 2002). Below the evaporite interval, chloride 
concentrations ranged from 17,000 to 43,000 ppm between 1,250 to 1,280 m (4,100 to 4,200 ft), with a 
temperature of 74° C (166° F).  At 2,740 m (8,997 ft) chloride concentrations were ~244,000 ppm. A 
bottom-hole temperature in OG 605 recorded 127° C (261° F) at 2,763 m (9,065 ft). At 2,807 m (9,207 ft) 
hydrothermally altered volcanics were noted. Steam flashing in OG well 605 was noted at 1,650 m 
(5,400 ft) while drilling, and continued repeatedly to a depth of 2,763 m (9,065 ft). A porosity of ~30% 
was estimated over the geothermal interval.  

8.0 Conclusions 

Impermeable and permeable strata are present below 800 m depth in the Higley basin; 
however, a well-defined geologic unit capable of storing CO2 in a saline aquifer, with an overlying seal, 
was not identified based on available data. Impermeable, sealing conditions in the Higley basin include 
evaporite deposits in the lower basin-fill sequence over much of the area where basin depths are below 
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800 m (2,625 ft). The Higley Fault appears to have progressively tilted mid-Tertiary and possibly lower 
basin-fill strata against the fault, including roll-over anticlines, potentially creating structural traps. Traps 
between evaporite deposits adjacent to faults may or may not be present.  

Groundwater with elevated salinity is present in the Higley basin, however, saline 
concentrations greater than 10,000 mg/L TDS could not be delineated from the available data. Elevated 
groundwater salinity is associated with the occurrence of evaporite deposits in the lower part of the 
upper basin fill below 610 to 760 m depth (~2,000 to 2,500 ft), and probably throughout much of the 
lower basin-fill and underlying mid-Tertiary deposits. Geothermal groundwater conditions are also 
present, although the reported extent of these conditions are limited to one well site in the basin.  

It is recommended that additional and existing seismic-reflection profiles be used to evaluate 
the extent of evaporite and basin-fill deposits, and subsurface basin structure. As additional InSAR data 
become available, analysis may elucidate subsurface structures in basin-fill sediment, such as bedrock 
topography and faults. Mapping the distribution and composition of exposed and subsurface basalt 
flows in the Florence Junction area in further detail would possibly help resolve age and stratigraphic 
correlation.  
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Generalized Stratigraphic Correlation of Basin-fill Units in the Higley Basin TABLE 1

USBR (1977)
Eberly and 

Stanley 
(1978)

Laney and 
Hahn (1986)

Anderson et al. 
(USGS, 1992)

Corkhill et al. 
(ADWR, 1993)

Gootee and 
Young 

(AZGS, 2008)

Wagner 
(2009)

~Depth to 
top of unit 
in OG wells 
06-05 and 

06-11

HGU 
ID

HGU 
Code

Geologic 
Units Description of Geologic Units

Upper Unit 
(Qs) 0 1 VF Valley-Fill

Late Pliocene to present (~3 Ma to present): Fine- and coarse-grained 
sediment. Greater than 60% fine sediments grades laterally to coarser 
grade materials near mountain fronts. Deposited by tributaries to the 
Salt and Gila Rivers, including the main tributary Queen Creek. 
Maximum thickness 200 to 400 ft, averaging 150 to 200 ft. 

Lower 
Conglomerate 

Unit

Lower 
Conglomerate 

Unit

Lower Basin-Fill 
(LBF2) Lower LAU ~700 m 

(2,300 ft)

(Red Unit) Unit I
Red Unit 

(Artega et al., 
1968)

Pre-Basin and 
Range (PBR) Red Unit Red Unit Lower 

sequence
2,000 m 
(6,600 ft) 4 MT

Mid-
Tertiary 
deposits

Late(?) Oligocene to middle(?) Miocene (~25 to ~17 Ma). Red-brown, 
well-cemented breccia, conglomerate, sandstone and siltstone 
composed of granitic and volcanic detritus. Lava flows and tuffs are 
interbedded with sediments. Equivalent to redbed-deposits in Tempe 
and Papago Park (Christensen et al., 1976; Schulten et al., 1979; Cordy 
et al., 1978) and Superstition volcanic deposits (Tv and Tvs). 
Unconformably overlain by middle or lower unit (Laney and Hahn, 1986). 
Thickness unknown but estimated to be approximately 1,500 to 2,000 m 
(4,900 to 6,600 ft). 

Bedrock Bedrock Bedrock Bedrock Bedrock Bedrock Bedrock 3,000 m 
(9,800 ft) 5 B Bedrock Proterozoic to early Tertiary intrusive igneous and metamorphic rocks, 

including granite, granodiorite, gneiss, schist and diabase. 

This study

Latest Miocene to late Pliocene (~6 to ~3 Ma). Extensive fine grained 
deposits of clay, silt, mudstone and gypsiferous mudstone, sand and 
gravel and conglomerate. Weakly to well-cemented with dissemenated 
calcium-carbonate cement. Fine-grained near basin centers, grading 
laterally into coarse-grained sediments. Clasts are predominantly 
granitic. This sequence is interpreted to truncate underlying lower basin-
fill deposits along basin margins. Maximum thickness ~1,000 ft, 
averaging 400 to 600 ft. 
Middle(?) Miocene to late Miocene (~17 to ~6 Ma). Semi-consolidated to 
consolidated, moderate to well-cemented sandstone and siltstone 
grading upwards into mudstone and siltstone with massive evaporite 
(gypsum and anhydrite) and gypsiferous deposits. Locally interbedded 
with basalt flows (lower LAU). Clasts are dominantly volcanic. This 
sequence is interpreted to truncate the underlying mid-Tertiary 
sequence (Wagner, 2009). Deposited prior to and during Basin and 
Range faulting (~14 to 8 Ma).

3 LBF

~150 m 
(~500 ft)

~500 m 
(~1,600 ft)

Upper 
Basin Fill

Lower 
Basin Fill

2 UBF

Upper Basin-Fill 
(UBF)

Lower Basin-Fill 
(LBF1)

MAU

UAU

Previous studies

Upper Alluvial 
Unit (UAU)

Middle Alluvial 
Unit (MAU)

Lower Alluvial 
Unit (LAU)

Upper LAU

Upper 
sequence

Upper Alluvial 
Unit

Unit II
Middle Fine-
Grained Unit Lower Unit 

(upper) (Tsu)

Lower Unit 
(lower) (Tsl)

Middle Unit 
(QTs)
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