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GEOLOGIC SETTING 

The Safford basin is a deep, sediment-filled structural trough containing abundant 
lacustrine (lake) and playa sediments, reflecting long periods of closed-basin conditions. 
Gravity models indicate that the Safford basin is up to 12,000 feet deep (Oppenheimer and 
Sumner, 1980; 1981). Soluble minerals such as halite (salt), carbonates, gypsum, and 
anhydrite are common in the basin-fill sediments (Marlowe, 1961; Harbour, 1966; Harris, 
1997, 1999). These minerals commonly form by evaporation of water and deposits 
formed in this way are called evaporites. In this report, the singular word 'salt' refers to 
halite, whereas the plural 'salts' refers to any soluble evaporite mineral. 

Typical Basin-and-Range basins were formed in the late Tertiary (12-6 million 
years, Ma), when high-angle normal faulting dropped central blocks between uplifted 
bounding blocks, forming a more or less symmetrical, deep structural basin. The Safford 
basin, however, was formed earlier than Basin and Range time by low-angle faulting 
resulting from crustal extension. Detachment faulting during the mid-Tertiary (30-20 Ma) 
extension formed the metamorphic core complex of the Pinaleiio Mountains and the tilted 
structural basin of the Safford Valley (Spencer and Reynolds, 1989; Kruger and others, 
1995). Later Basin and Range faulting did not affect the Safford region to the extent that 
it did other areas of the southwest. 

Seismic reflection profiling (Kruger, 1991; Kruger and Johnson, 1994; Kruger and 
others, 1995) has revealed the Safford basin to be a tilted half-graben, with the southwest 
side of the basin down-faulted along a high-angle fault that is younger than the main basin
forming detachment. As detachment faulting progressed, the basin grew deeper and wider 
and filled with sediment as the rocks above the fault were displaced away from what is 
now Mt. Graham. Sediments were tilted as extension continued, with older sediments 
tilted more than younger deposits. This style of faulting has produced an asymmetrical 
structural trough filled with sedimentary deposits that are wedge shaped in cross section. 

The most important condition required for evaporites to form in a basin is that 
potential evaporation must greatly exceed the rate of input to the lake. That condition 
appears to have been met for the Safford basin much of the time since the late Tertiary. 

Integration of the drainages of southeastern Arizona into the large regional system 
of the Gila River is relatively recent. Drainage in the lower San Pedro Basin, now a 
tributary of the Gila, was largely, if not completely, internal at the time of deposition of the 
Quiburis Formation, dated at 5.35 to 6.43 Ma (Scarborough, 1975). The beginning of 
through-going drainage in the Safford basin may be constrained by the 3.6 Ma age of 
Flatiron Mesa basalt flows deposited on the highest terraces and pediments in the area 
around the San Carlos River (Houser, 1990). Swampy to playa conditions were still 
present at the time of deposition of the 111 Ranch beds near Safford, which contain ash 
layers dated at 2.17 to 2.67 Ma (Dickson and Izett, 1981; Izett, 1981). Integration ofthe 
regional drainage had probably reached the 111 Ranch area and the Duncan Basin by 0.6 
Ma, based on ash layers in Gila River gravel deposits (Houser, 1990). The Willcox and 
Animas Valley playas are examples of areas in the upper Gila region where drainage is still 
not completely integrated. 
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Figure 1. Location of study area 
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SAFFORD BASIN SALT EXPOSURES 

Salt is remarkably common in sediments exposed in the Safford basin. Salt is 
rarely obvious in outcrop because it is not in beds but rather in the form of microscopic 
lamina or disseminated in clay. In some places, soluble salts such as gypsum, halite, or 
calcium carbonate form effiorescent dustings, fine needles, or crusts when the clay they 
are contained in dries out. More commonly, the exposures of salty clay are covered with a 
coating of clay washed down from higher beds, completely obscuring the presence of salt. 
In these outcrops, the clay coating must be removed by digging down to expose the 
unweathered sedimentary layers beneath. The halite and other salts are commonly visible 
along small cracks that give clay-rich sediments a blocky structure. 

In many places the only way to tell salt is there is to taste the clay. Only a trace of 
halite is necessary to give clay a discernable salty or slightly sweet taste. Other salts, 
particularly some highly soluble sulfates, give clay a very bitter taste. Carbonates usually 
have no taste, nor does gypsum. 

Salt exposures were located during the course of fieldwork for several projects 
starting in 1994. Most were found while searching for suitable outcrops and springs to 
sample for S, CI, B, Sr, and N isotope samples (Harris, 1999) and for springs and seeps 
for tritium sampling (Harris, 2000). These locations are the result of reconnaissance 
surveys, and no detailed effort has been made to map the distribution of salty sediments in 
the entire basin. 

Geronimo area 

Two faults are evident in exposures in the west bank of a major wash in T4S, 
R23E, section 8, about 0.3 and 0.5 miles north of the road along the north side of the Gila 
River (Figure 2). The southern fault is covered, but the sediments, consisting of thin beds 
of very salty clay and silt, are folded and nearly vertical in a small exposure. Farther up 
the wash a second fault is exposed in the west bank that offsets tilted beds of salty fine
grained sediments. Near the mouth of the wash, salt is common in the lower clay beds 
exposed along the east wash bank and the first small tributary on the east side of the main 
wash. 

Salty and slightly gypsiferous clay are common in road banks along the road west 
of the mouth of the wash, in the SE corner of section 7 of T 4S, R23E. The salts include 
halite and a very bitter sulfate in thin beds of clay and silt. 

Salty clay occurs in outcrops in the north half of section 17. Tilted beds of salty 
clay are exposed on both sides of the road west of a moderately sized drainage east of hill 
2927. A covered fault is probably in a small NW-SE drainage parallel to the road 
immediately south of hill 2927, based on an abrupt change from tilted to horizontal beds 
across this drainage. 

Salt is abundant in clay beds along the high road cuts in section 17. The salt is not 
obvious because the banks are coated with clay washed down from higher beds. Salt 
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content is greatest in the slightly darker, more clay-rich layers. The saltiest clay weathers 
out faster and is in indented layers. 

Tom Niece Spring area 

Some of the most spectacular salt exposures in the Safford basin are between 
Geronimo and Fort Thomas in the vicinity of Tom Niece Spring, in sections 21 and 22 of 
T4S, R23E (Figure 3, Tom Niece Spring area). Salt crusts up to an inch thick form 
during dry periods from wicking of water from a line of salt springs about a mile long. 
The springs lie along a fault zone north of the Gila River that extends from near Pima 
northwest to the San Carlos Reservation. In addition to the flux of salt brought up by the 
springs, the sediments in the area contain original evaporite salt. 

Fort Thomas area 

Clay beds are commonly salty along the road from Clay Mine Wash to Teague 
Spring Canyon (Figure 4). Sediments exposed below the road are generally saltier than 
those above the road. In the road cuts and wash banks, the surfaces are coated with clay 
that must be chipped away to reveal the thin-bedded sediments. The salt in the road cuts 
is rarely visible, but with a little diligence, a salty taste can be detected in numerous layers. 

Salt crusts are prominent immediately south and northeast of the spring in Clay 
Mine Wash. The beds on the west side of the wash opposite the spring also contain 
abundant salt, but the salt is obscured because the wash bank is covered with clay washed 
down from the higher beds. Recessed layers typically contain the saltiest clay. 

Lacustrine sediments are tilted south of the road and slightly folded just north of 
the road at the mouth of Clay Mine Wash. A prominent fault is exposed about 0.1 mile up 
a tributary canyon that enters the west side of Clay Mine Wash 0.1 mile north of the 
spring. A small fold has formed in the sediments 0.5 miles up the wash on the east bank. 

At Charlie Thompson Springs, extremely salty clay beds are exposed in the canyon 
for several hundred yards upstream from the salty springs. Salt crusts form near the spring 
from wicking of the salty water. 

Eden area 

Fine-grained sediments are exposed along the low bluffs northeast of the Gila 
River floodplain from Eden to Pima (Figure 5). As with other outcrops in the basin, at 
least trace amounts of salt can be found in nearly every exposure. 

In the area of the old landfill near the mouth of Spring Creek northeast of Eden 
[another Spring Creek, discussed below, is south of Thatcher], sparse gypsum occurs and 
faint salty taste can be detected in some of the clay layers. Salt is readily found in clay 
outcrops along the road in T6S, R24E, section 2. 
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Pima area 

Several notable areas where salt is abundant in lakebed clays are located on low 
bluffs marking the edge of the river valley and in wash banks north of Pima (Figure 6). 
Salt occurs sparingly in road cuts on the east side of Peck wash. Well-developed 
eft10rescent dustings of salt occur on the first small drainage on the east side of Peck 
Wash. On older maps, such as the USGS 15-minute Thatcher quadrangle, the area is 
identified as Little Springs; newer maps do not name this feature. At the several times 
visited (1997 to early 2000), no spring was evident except for an area of mesquite trees 
slightly denser than those in the surrounding terrain. 

Mud Spring and another area in the next drainage to the SE, identified on older 
maps as East Spring, is notable for extremely abundant eft10rescent salts, partly the result 
of seepage of salty water. At the times of visitation the ground was not noticeably wet but 
had the look of recent or periodic seepage and mesquite trees were large and dense. 
About 0.6 miles NE of Big Spring an isolated exposure of clay next to the dirt road shows 
a light eft10rescent dusting of salt. 

Simon Springs area 

Sediments exposed in and along the edge oflower Bear Springs Flat in the vicinity 
of Simon Springs contain salty clay. One isolated small hill (Figure 7) in the flats about a 
hundred yards southwest of the southern end of the springs has several layers of salty clay. 

Salty springs issue along the side of a ridge for a distance of more than Ih mile. 
Evaporation has produced spectacular salt flats covering many acres. Van Horn (1957) 
reports salty clay in exposures along the ridge SE of Simon Springs. 

Bear Springs Knoll area 

Numerous salty clay beds occur in the vicinity of Bear Springs Knoll at the 
southern edge of Bear Springs Flat (Figure 8). A good example is at latitude 32° 50.606', 
longitude 109° 57.698' (NAD27 datum) along the west bank ofa wash in the NW Y4 of 
the NE Y4 of section 11, T7S, R23E. Between washes, beds of salty clay commonly 
weather to loose, fluffy appearing beds with faint to moderate eft10rescent dustings. The 
beds contain mostly halite but some eft10rescent coatings have a slightly bitter taste and a 
few have no taste. Many low-TDS springs issue from the base of the high cliffs west of 
Bear Springs Knoll. 

Thatcher area 

Salt is common along the bluffs at the edge of the Gila River flood plain and in 
wash banks from Butler Wash to Graham Cemetery (Figure 9). Salt and gypsum are 
easily found in Butler Wash along the road to the cemetery. Clay beds exposed at the 
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mouth of Watson Wash contain abundant salt and some gypsum. Exposures facing the 
road have dozens of horizons with salt crusts and fine needle-like crystals in cracks that 
give the clay a crumbly to blocky structure. Salt content in the clay diminishes up the 
wash, but is still evident by taste. Gypsum and salt are abundant in clay beds on both sides 
of the road leading to Graham Cemetery. This locality is measured section #3 in Van 
Horn (1957). 

Riggs Mesa - Spring Creek area 

Lacustrine clay is prominently exposed on both sides of a ridge on the east side of 
Spring Canyon, south of Thatcher in sections 21,28, and 29 ofT7S, R25E (Figure 10). 
Access to these outcrops is via the road to Frye Mesa. Effiorescent salts commonly form 
in the lacustrine clay in the east bank of Spring Creek after rains. These highly soluble 
salts include typical NaCl dustings, and an unusual occurrence of extremely delicate 
whiskers of a very bitter sulfate mineral. The clay beds contain abundant gypsum as thin 
layers and stringers. 

Gypsum and minor salt occur in clay beds in Hall Mesa, Riggs Mesa, and scattered 
low outcrops in the flats along Freeman Wash. Harbor (1966) and Houser (1990) report 
salty clay in this area. 

Clay Knoll - Safford area 

Clay Knoll, at the southern outskirts of Safford, is one of the saltiest outcrops in 
the basin (Figure 11). Here, extremely salty and gypsiferous clay is interbedded with silt 
and fine sand over the entire vertical section of the small hill. Abundant crusts and hair
like crystals of salt have grown in cracks in the clay. Damp samples of the clay-rich layers 
grow fine whiskers of salt upon drying. 

Effiorescent salts are visible where clay beds are exposed in banks and ditches 
along Discovery Park Boulevard and 20th Avenue as the ground dries after rains. 
Abundant gypsum and salt occur in scattered low hills in the flats along Freeman Wash. 

Tidwell Wash area 

Gypsum and minor salt occur in clay beds exposed in Tidwell Wash (Figure 12). 
Salt is most common in darker gray or green layers of clay. Harbour (1966) reports salty 
clay and Van Horn (1957) reports abundant gypsum south ofthe Safford airport in bluffs 
along the edge of the floodplain. 
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PREVIOUSLY REPORTED OCCURRENCES OF SALT 

Houser (1990) reports salty-tasting clay layers in a gypsiferous lacustrine sequence 
in Freeman Wash, south of Safford, between Discovery Park and the golf course. 
Freeman Wash appears on Figures 10 and 11. Harbour (1966) identified salty clay near 
Riggs Mesa (Figure 10) and just south of the Safford airport in the Tidwell Wash area 
(Figure 12). 

In his study of basin-fill sediments in the San Carlos Indian Reservation, Marlowe 
(1961) notes that evaporites are common in the clay units throughout the Reservation and 
that "a saline taste was usually detectable" (p. 49). Four of his descriptions of measured 
stratigraphic sections specifically refer to salt crystals or salty taste in clay beds. 
Marlowe's measured section #1, north of Fort Thomas (T4S, R23E, section 8, SW) 
contains salt and gypsum crystals in vugs in marly clay. Measured section #3, also north 
of Fort Thomas (T4S, R23E, sections 24,25 and 26), has a salty clay layer near the base 
ofthe exposed section. Halite and gypsum crystals in vugs are found in clay beds in 
measured section #7 near the mouth of Salt Creek in T2S, R20E (there is another Salt 
Creek nearby in T3S, R22E). Halite and gypsum are again noted in clay beds at Bylas 
(measured section #15, T3S, R22E, section 31, SW). Measured section #16 (T2S, R21E, 
section 30, SW) contains "abundant evaporites" in a clay layer, but Marlowe does not 
specify salt versus gypsum in his description. 

Van Horn (1957) conducted a detailed investigation of sediments in the Safford 
basin in which he closely examined numerous outcrops. Virtually all of his measured 
sections (MS) contained evaporite gypsum, and the following also contained salt: 

• MS 3 - T6S, R25E, section 25, SE V4 - Near Graham Cemetery (Figure 9) 
• MS 5 - T5S, R23E, section 36, NE V4 - Red Knolls 
• MS 6 - T6S, R25E, section 5, SW V4 - Peck Wash [called Big Spring wash by 

Van Horn] (Figure 6) 
• MS 7 - T8S, R25E, section 12, SE V4 - near Lebanon Reservoir #2 
• MS 9 - T6S, R24E, section 16, SE V4 - near Simon Springs (Figure 7) 
• MS 13 - T6S, R24E, section 27, SW V4 - near Patterson Wash, SW of Pima 

Soils surveys have been made in the Safford area and these have noted the natural 
occurrence of saline soils and salty sediments. Surveys include Gelderman and others 
(1970), Lapham and Neill (1904), and Poulson and Youngs (1938). 

An extensive deposit of zeolite minerals occurs northeast of Bowie, cropping out 
along San Simon Wash. This deposit formed by the alteration of volcanic ash in a saline, 
alkaline lake that occupied part of the Safford basin. Chabazite is the most important 
zeolite mineral in the Bowie deposit, which is the largest such deposit in the world (Eyde, 
1978, 1982; Eyde and Wilt, 1989). Herschelite, the sodium-rich equivalent of chabazite 
occurs in thin layers with other zeolite minerals. Halite (NaCI), thenardite (Na2S04), and 
iron oxides are reported in amounts up to ten weight percent with the herschelite (Regis 
and Sand, 1966). Halite, thenardite and iron decrease toward the north edge of the 
deposit. 

The Bowie zeolite beds do not occur north of San Simon Wash. In previous 
AZGS studies of the basin it was observed that lacustrine sediments along Haekel Road 
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between the San Simon Wash crossing and Hot Well Dunes BLM recreation area display 
faint salty to slightly bitter eftlorescence upon drying out after rains. The San Simon 
Valley was not part of the focus of the Safford tritium study so the area was not surveyed 
for salty outcrops as part of this report. 
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