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The geologic map (at a scale of 1 :24,000 or two inches equals 2000 feet), covering an area 
of approximately 35 sq km between the Willow Springs Ranch on the south and Star Flat on the 
north, is a revision and update of Krieger (1974a, 1974b), who showed only the northern fringe of 
the study area, and Dickinson (1987, 1992), who depicted the geologic relations at smaller scale 
(1,62,500 and 1:125,000, respectively). Access to the study area is provided by Willow Springs 
Road, which turns north off the paved highway between Oracle and Oracle Junction. The regional 
geologic context ofthe Star Flat-Willow Springs area is discussed by Dickinson (1991). 

B. Symbols 

light lines = depositional contacts; heavy lines = faults (both dashed where approximate and dotted 
where concealed) 

balls denote hanging walls of high-angle normal faults (arrows indicate dips measured locally) 

double ticks denote upper plate of low angle normal faults (sub horizontal Star Flat detachment 
fault) 

stipples denote washfloor alluvium along major drainages 

strike-and-dip symbols refer exclusively to bedding attitudes 

C. Map Units 

Qad: dissected s'lndy alluvium (unconsolidated) of Star Flat; inferred from topographic 
position to be Pleistocene in age; may be equivalent in part to upper horizons of unit 
Tcg but probably younger (age relations uncertain) 

Tcg: weakly consolidated gravels of Camp Grant Wash; inferred from regional relations to 
be Pliocene or possibly Late Miocene in age; probably equivalent in part to Quiburis 
Formation of San Pedro trough (age relations uncertain) 

Tsm: gently dipping San Manuel Formation of Early Miocene age; sandy pebble to cobble 
conglomerate of braidplain facies (tawny hues with both volcanic and basement 
clasts) 

Tcs/Tcv: steeply dipping sedimentary (Tsc) and volcanic (Tcv) members of the Late Oligocene 
Cloudburst Formation; Tcs generally overlies but also locally interfingers with Tcv; 
interstratified lenses of granitic megabreccia (5-10 m thick) derived from Oracle 
Granite (see below) occur within both Tcv and Tcs; Tcx denotes local lens of 
debris-avalanche megabreccia derived exclusively from Proterozoic sedimentary 
strata of Apache Group and Troy Quartzite not now exposed within study area. 
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Tcs: redbed cobble to boulder fanglomerate containing both volcanic and basement 
clasts in variable proportions (locally interbedded volcanics closely resemble 
Tcv) 

Tcv: gray to reddish lavas and polygenetic breccias of intermediate composition 
(andesite-Iatite-dacite), with interstratified lenses of volcanic sandstone 

Yo: porphyritic Middle Proterozoic (1420-1450 Ma) Oracle Granite (Kspar megacrysts); 
includes crosscutting dikes and sills of (a) cogenetic aplite, alaskite, and pegmatite; 
(b) Proterozoic (-1100 Ma) diabase; and (c) Laramide and/or mid-Tertiary granitic 
to intermediate porphyry bodies 

D. Brief Description 

The steeply dipping volcanosedimentary succession of the Cloudburst Formation abuts 
downdip against the subhorizontal Star Flat detachment fault, which apparently represents another 
splay fault of the same detachment system that includes the Cloudburst fault in the Black Hills near 
Mammoth. The entire known extent of the Star Flat extensional allochthon is exposed within the 
Star Flat-Willow Springs study area. Except along a few deeply incised streams, outcrops are 
generally subdued within uplands of gentle relief. 

The nearly flat Star Flat fault is offset by a pair of steep normal faults that trend nearly 
north-south through the study area, and delineate a north-trending graben located along the east 
flank of the Black Mountains, which lie to the west of the study area. The tilt block east of the 
graben forms a bedrock spur that rises above the general level of dissected pediment surfaces 
flanking the valley of Camp Grant Wash, which lies to the east of the study area. Local mines and 
prospects appear to be associated with segments of the Star Flat fault, rather than with the two 
steep faults, suggesting to me the likelihood of detachment-related mineralization (Spencer and 
Welty, 1986). 

Interfingering of volcanic and sedimentary members of the Upper Oligocene Cloudburst 
Formation is greater than in the Black Hills near Mammoth, and no specific correlations with the 
type section there seem possible. Even cross-fault correlations within the study area are uncertain. 
For example, it is unclear whether the sedimentary sequence (Tcs) exposed along Horse Foot 
Wash east of the central graben is equivalent to (a) some part of the thick sedimentary sequence 
(Tcs) within the graben, in which case the upper volcanic sequence (Tcv) east of the graben is 
presumably an overthickened continuation of a volcanic tongue like the thin one mapped locally (as 
Tcv) within the graben, or (b) a local lens of sedimentary strata that is stratigraphically lower 
(within Tcv) than any of the sedimentary strata now mapped within the graben. In either case, 
facies relations within the Cloudburst Formation suggest that the eruptive center of a stratovolcano 
lay near the southern edge of the study area, and that clastic strata of the formation flanked the 
volcanic edifice on the north and banked against it. The maximum exposed thickness of the 
Cloudburst Formation is estimated to be 1750-2250 m, and the maximum thickness of the 
sedimentary member is estimated to be 1000-1250 m. 

Gently dipping beds of the Lower Miocene San Manuel Formation, with a maximum 
exposed thickness estimated as 125-175 m, rest with angular buttress unconformity on steeply 
dipping beds of both the volcanic and sedimentary members of Cloudburst Formation. During 
previous work (Dickinson, 1987, 1991, 1992), these strata were misinterpreted as part of the 
sedimentary member of Cloudburst Formation, but are somewhat less indurated and distinctly less 
deformed. Undeformed beds of the "gravels of Camp Grant Wash" (Dickinson, 1993) then rest 
unconformably in tum on both the Cloudburst and San Manuel Formations. The "alluvium of Star 
Flat" was ponded behind the tilt block that bounds the central graben, and occupies part of the 
residual graben floor. 



3 

E. References Cited 

Dickinson, W.R., 1987, General geologic map of Catalina core complex and San Pedro trough: 
Arizona Geological Survey Miscellaneous Map Series MM-87-A, scale 1:62,500. 

Dickinson, W.R. , 1991, Tectonic setting of faulted Tertiary strata associated with the Catalina core 
complex in southern Ariwna: Geological Society of America Special Paper 264, 106 p. 

Dickinson, W.R., 1992, Geologic map of Catalina core complex and San Pedro trough, Pima, 
Pinal, Graham, and Cochise Counties, Arizona: Arizona Geological Survey Contributed 
Map CM-92-C, scale 1:125,000. 

Dickinson, W.R., 1993, Summary geologic map of Black Hills near Mammoth, Pinal County, 
Ariwna: Arizona Geological Survey Contributed Map CM-93-B, scale 1:24,000. 

Krieger, M.H., 1974a, Geologic map of the Black Mountain Quadrangle, Pinal County, Arizona: 
U.S. Geological Survey Geologic Quadrangle Map GQ-1108, scale 1 :24,000. 

Krieger, M.H., 1974b, Geologic map of the Putnam Wash Quadrangle, Pinal County, Arizona: 
U.S. Geological Survey Geologic Quadrangle Map GQ-1109, scale 1 :24,000. 

Spencer, J.E., and Welty, J.W., 1986, Possible controls of base- and precious-metal 
mineralization associated with Tertiary detachment faults in the lower Colorado River 
trough, Arizona and California: Geology, v. 14, p. 195-198. 


