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Overview 

The complex Tertiary stratigraphy and structure around the copper prospect at 
Copper Butte, which lies within the Teapot Mountain quadrangle (Creasey and others, 
1983) approximately 6 km southwest of the Ray Mine, were evaluated by remapping 
nearly 20 km2 in the vicinity of Copper Butte. Relationships mapped within the Copper 
Butte area are important for understanding the Tertiary tectonics of the surrounding 
region. Discussions of detailed structural and stratigraphic relationships are made with 
reference to the accompanying map (p. 15). As no units younger than mid-Miocene in 
age are exposed within the Copper Butte area, this study provides no information about 
post-mid-Miocene geologic history. 

The area mapped includes much of the drainage ofthe stream here termed "Spine 
Canyon", lying to the east and south of Copper Butte; Copper Butte itself, together with 
associated uplands to the southwest; the part of Walnut Canyon that extends southward, 
toward the Gila River, from near its confluence with White Canyon just to the west of 
Copper Butte; and uplands west of Walnut Canyon that include the topographically 
commanding peak ofBattIe Axe Butte (Hells Peak of Keith, 1986). Tertiary volcanic 
rocks typically form bold outcrops of rugged relief throughout the map area, but the less 
resistant Tertiary sedimentary units are largely masked by talus and slope colluvium except 
where exposed in road cuts or by steep stream banks along major drainages. 
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Geologic Setting 

Tertiary strata in the Copper Butte area are part of the hanging-wall block of the 
Copper Butte fault (Keith, 1986). Although widely regarded as a low-angle normal fault, 
the Copper Butte fault actually dips approximately 45° to the southwest (Creasey and 
others, 1983; J.E. Spencer, personal communication, 1995; see also accompanying map, 
p. 15). To the southeast, the structure extends across the Gila River as the Ripsey fault, 
which dips west at moderate angles of 40° to 60° and controlled development of the Ripsey 
Wash half-graben exposing Miocene San Manuel Formation (Dickinson, 1991, Figs. 40, 
42). Although the longitudinal continuity of the two faults has not been fully established by 
detailed mapping (S.M. Richard, personal communication, 1995), the position of the 
connecting fault segment, passing through pre-Tertiary bedrock, can be inferred closely 
from mapped relationships in the southeastern corner of the Teapot Mountain quadrangle 
(Creasey and others, 1983) and in the northeastern corner of the Grayback quadrangle 
(Cornwall and Krieger, 1975b). The two fault traces approach one another along the 
western base of steep slopes flanking washes tributary to the Gila River on both the north 
and the south, and link where they cross the river a little more than half a kilometer east 
and northeast ofthe A-Diamond Ranch (as located on extant USGS topographic maps). 

The compound Tertiary half-graben of the Copper Butte area is not aligned with 
the main San Pedro trough (Dickinson and Shafiqullah, 1989; Dickinson, 1991), which 
passes northward through the Ray Mine area to the vicinity of Teapot Mountain northeast 
of Copper Butte. The downthrown structural block of the Copper Butte area, and its 
southern extension along Ripsey Wash, is evidently a tectonic feature en echelon to the 
compound half-graben of the San Pedro trough. The bounding fault system (the linked 
Copper Butte and Ripsey faults) displays diminishing structural relief southward along 
Ripsey Wash at the western flank of the Tortilla Mountains, which in turn lie southwest 
of the deep keel of the San Pedro trough (Dickinson, 1991, Figs. 40, 42). The Tertiary 
stratigraphic units of the Copper Butte area are thus not contiguous along strike with 
established formations of the San Pedro trough. 

Pre-Tertiary Rocks 

Precambrian basement in areas surrounding Copper Butte is composed mainly of 
Lower Proterozoic Pinal Schist, largely semischistose metagraywacke and interbedded 
phyllite, intruded by more voluminous megacrystic Middle Proterozoic granite of the 
Oracle-Ruin suite (Dickinson, 1991). Laramide plutons that intrude basement rocks near 
Copper Butte include the following, with formal nomenclature and age after Cornwall 
(1982), and plutonic rock types classified according to Streckeisen (1976) using modal 
compositions provided by Cornwall (1982, Fig. 11-4): 

(1) Tortilla Quartz Diorite (72-69 Ma): several discrete bodies of dominantly 
biotite-hornblende-pyroxene granodiorite, grading locally to quartz diorite and diorite, in 
areas to the southeast of Copper Butte; the displacement of Tortilla Quartz Diorite, which 
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is exposed adjacent to the Copper Butte fault in the footwall not far southeast of Copper 
Butte, affords a potential means to control estimates of slip on the fault (Keith, 1986). 

(2) Tea Cup Granodiorite (64-62 Ma): a large pluton, tilted down to the east in the 
hanging-wall block ofthe Ripsey fault (Howard, 1991; Howard and others, 1995), and 
composed of biotite granodiorite and leucocratic, peraluminous, garnet-bearing, two-mica 
granite of the Paleogene Wilderness suite (Dickinson, 1991); exposed mainly south of the 
Gila River but extending northward across the Gila River in the area directly south of 
Copper Butte between the mouths of Walnut and Spine Canyons. 

(3) Granite Mountain Porphyry (62-59 Ma): biotite granodiorite and granite, of 
both porphyritic and granular texture, with principal exposures forming the footwall of 
the Copper Butte fault immediately to the northeast of Copper Butte; long considered the 
causative intrusion, tilted down to the northeast, associated with the Ray porphyry copper 
system which lies structurally above the intrusion (John, 1994). 

Tertiary Stratigraphy 

Tertiary strata in the Copper Butte area are here divided into four stratigraphic 
units, separated by unconformities, in ascending order as follows (symbols apply to the 
accompanying map, p. 15): (a) Oligocene Whitetail Conglomerate (Twc); (b) Lower 
Miocene Apache Leap Tuff(Tal); (c) Lower Miocene "Gravel of Walnut Canyon" (Tgw) 
["older gravel" of Creasey and others, 1983]; and (d) Lower Miocene "Tuff of White 
Canyon" (Ttw) ["older tuff" of Creasey and others, 1983]. The Whitetail Conglomerate 
and Apache Leap Tuff are well known formations of subregional extent (Creasey and 
others, 1983), but the Gravel of Walnut Canyon and the Tuff of White Canyon (names 
introduced here for the first time) are informal local units whose regional significance is 
still uncertain. Following the correlation of Creasey and others (1983), intrusive and 
extrusive rhyolite of the volcanic center at Battle Axe Butte is mapped as Lower to 
Middle Miocene Sleeping Buffalo Rhyolite (Tsb). 

Whitetail Conglomerate (Twc) 

At the base of the local Tertiary succession is a sequence of moderately to well 
consolidated pebble, cobble, and boulder conglomerate, sandy conglomerate, and locally 
angular sedimentary breccia of the Whitetail Conglomerate, which elsewhere has yielded 
Lower Oligocene radiometric ages of33-34 Ma from interbedded tuffs (Dickinson and 
Shafiqullah, 1989). The full age range of the Whitetail Conglomerate is unknown, but one 
dated tuff locality is nearby within the Ray Mine area (the other lies stratigraphically below 
the Galiuro Volcanics at the mouth of Aravaipa Canyon east of the San Pedro River). The 
dominant facies in the Copper Butte area is massive and crudely bedded conglomerate, 
commonly displaying reddish hues, inferred to represent streamflood deposition on alluvial 
fans or coarse braidplains. Just west of the Spine Canyon fault, which crosses Walnut 
Canyon not far above its confluence with White Canyon, sandy to clayey lacustrine or 
paludal redbeds also occur within the Whitetail Conglomerate. The nature of the dominant 
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lithology, coupled with the generally poor quality of exposure, precludes measurement of 
reliable imbrication for paleocurrent determinations, but the dominant clast types imply 
derivation from the north and east. The most abundant clasts, present in widely variable 
proportions, are Pinal Schist, Paleozoic carbonate rocks, and both Precambrian and 
Laramide granitic rocks. 

The Whitetail Conglomerate rests nonconformably on Pinal Schist in upper Walnut 
Canyon, where poorly sorted sedimentary breccia derived exclusively from Pinal Schist 
forms its base, and nonconformably on Oracle-Ruin granite at the south end of the steep 
spur between lower Walnut and Spine Canyons. The contact at the latter locality has been 
mapped previously as a fault (Creasey and others, 1983), but an upward gradation from 
angular colluvial rubble of Oracle-Ruin clasts to rounded polymict gravel of the Whitetail 
Conglomerate clearly establishes its depositional nature. 

The preserved thickness of the Whitetail Conglomerate beneath the unconformity 
with the overlying Apache Leap Tuffvaries from approximately 125 m near Copper Butte 
to an estimated 750 m in lower Walnut Canyon, where its most continuous outcrops occur 
as a structurally simple homoclinal sequence dipping northeast and exposed in bluffs cut 
along the margins of a broad sandy wash. At the top of this thickest Whitetail succession, 
there is no discordance in dip between the Whitetail Conglomerate and the overlying 
Apache Leap Tuff. This relationship suggests that the keel of the Whitetail depositional 
basin in the Copper Butte area was located near Walnut Canyon. Whitetail Conglomerate 
exposures of the Copper Butte area may represent a southern continuation, offset by the 
Copper Butte fault, of the half-graben fill of Whitetail Conglomerate exposed just to the 
west of the Ray Mine beneath overlying Apache Leap Tuff at Teapot Mountain and along 
the ridge to the north (Creasey and others, 1983; Keith, 1986). In that area, upper beds of 
the Whitetail Conglomerate are concordant with the base of the Apache Leap Tuff, but 
Whitetail bedding fans downward to steeper dips through an aggregate thickness of an 
estimated 975 m of Whitetail strata. The fanning in dip presumably reflects syntectonic 
deposition within a growing half-graben. 

Thickness variations in Whitetail Conglomerate of the Copper Butte area stem in 
part from local onlap or overlap of structurally generated relief at the base of the Whitetail 
Conglomerate, as well as from truncation by pre-Apache Leap erosion. Across the trend 
of Spine Canyon, Whitetail strata are partly limited by, but also partly overstep, a poorly 
exposed pre-Apache Leap fault (or faults) with a NNE-SSW strike. Although Whitetail 
Conglomerate is locally cut by the Copper Butte fault (near Copper Butte itself), the fault 
does not mark the limit of Whitetail exposures at other localities within the Copper Butte 
area. The NNE-SSW fault system that cuts and partly delimits Whitetail exposures along 
the trend of Spine Canyon may represent the southern continuation, offset by the Copper 
Butte fault, of the structure that bounds (on the east) and controlled evolution of the 
Teapot Mountain half-graben of Whitetail strata west of the Ray Mine. 

North of Copper Butte, bedding in Whitetail Conglomerate that is exposed along 
Walnut Canyon, where it rests depositionally on Pinal Schist in the hanging-wall block of 
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the Copper Butte fault, dips to the southwest away from, not toward the fault. A dip 
toward the fault would be expected if the Whitetail Conglomerate had been deposited 
within a half-graben structure associated with movement along the fault, although dip 
relations would be less predictable if the Whitetail Conglomerate occupied a full graben 
structure, now deeply eroded, adjacent to the fault. Not far down Walnut Canyon from 
this unconformable contact with Pinal Schist, a reversal of dip occurs within the Whitetail 
Conglomerate, and beds exposed farther south dip to the northeast toward the Copper 
Butte fault. The aggregate thickness of Whitetail beds dipping to the northeast along 
Walnut Canyon is so great as to imply either marked northward onlap of a surface of Pinal 
Schist by successive horizons of the Whitetail Conglomerate, or else overstep of a buried 
fault delimiting the extent of lower Whitetail horizons on the north. Whether such a 
hypothetical buried fault, or a scarp-like onlapped declivity perhaps produced by hidden 
faulting, was related at all to the nearby Copper Butte fault itself is unknown with present 
information. Age relationships discussed both above and below suggest, however, that 
movements along the Copper Butte fault entirely post-dated deposition of the Whitetail 
Conglomerate. 

The Whitetail Conglomerate of the Copper Butte area occupies the same general 
stratigraphic position as the Hackberry Wash Facies of the Cloudburst Formation in the 
Tortilla Mountains along the flank of the San Pedro trough to the southeast. Intercalated 
lava in the latter unit has yielded a radiometric age of25-26 Ma (Dickinson, 1991, Fig. 
35), indicating that the two units are either not strictly coeval or that at least one of them 
spans an age range on the order of 10 m.y. The lithologic resemblance is closest between 
the Whitetail Conglomerate of the Copper Butte area and proximal alluvial fan deposits in 
the lower part of the Hackberry Wash Facies of the Cloudburst Formation exposed best 
near Indian Camp Wash in the Tortilla Mountains (Dickinson, 1991, p. 71). As the dated 
lava occurs within an abbreviated succession of the Cloudburst Formation overlying an 
unconformity below the Jim Thomas Syncline in a separate fault block lying to the west of 
the Hackberry fault (Dickinson, 1991, Fig. 40), it is conceivable that thicker sequences of 
the Hackberry Wash Facies include older horizons coeval with the Whitetail Conglomerate 
of the Copper Butte area. However, the clast assemblage, although equally polymict, is 
not the same (Dickinson, 1991, p. 73). This latter difference could stem, however, from 
variations in source rock types within structurally related provenance blocks. There is thus 
a possibility that the Whitetail Conglomerate of the Copper Butte area and some lower 
part of the Hackberry Wash Facies of the Cloudburst Formation in the Tortilla Mountains 
were deposited within a structurally related array of generally coeval depocenters. 

Copper mineralization (chrysocolla, black or brown "wad", copper-bearing 
jarosite-goethite) in Whitetail Conglomerate near the summit of Copper Butte was 
interpreted by Phillips (1976) as so-called ffexotic" copper mineralization produced by 
subsurface flowage of copper-bearing groundwater solutions. Copper minerals occur 
principally as clast coatings or within interstitial matrix and there is no evidence for 
detrital origin of the copper as reworked fragments of either primary or supergene ore. 
The ultimate source of the copper was presumably Laramide SUlfide ore at Ray (or 
elsewhere), but the mineralization at Copper Butte resultedfrom later solution, 
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subsurface transport, and reprecipitation of copper. Local extension of the copper 
mineralization into the overlying Apache Leap Tuff capping Copper Butte implies that 
the exotic mineralization was not syndepositional during Whitetail sedimentation, and 
the occurrence of some of the copper minerals as vein lets and fracture fillings implies 
at least partial lithification of Whitetail beds prior to mineral emplacement An intra
Miocene age for the exotic copper mineralization seems most likely from the inference 
that movement along the Copper Butte fault disrupted the Whitetail depositional basin, 
and probably disconnected the part of the basin now preserved at Copper Butte from 
potential bedrock sources of copper-bearing solutions. 

Apache Leap Tuff (Tal) 

The Apache Leap Tuff is composed of a single widespread cooling unit of welded 
ash-flow tuff that has yielded Lower Miocene radiometric ages of 19-21 Ma (Dickinson 
and Shafiqullah, 1989). Weathered surfaces are gray to brownish, but fresh surfaces have a 
pinkish or reddish cast. A layer of densely welded, dark gray or black vitrophyre about 3 
m thick occurs about 2 m above the base, which is marked locally by a rubbly layer of 
unwelded rhyolitic clasts. The most continuous exposures of Apache Leap Tuff within the 
Copper Butte area form a faulted homo cline crossing Walnut Canyon to merge eastward 
with the south limb of the Spine Syncline at and east of Spine Canyon. 

The Apache Leap Tuff rests disconformably or paraconformably on Whitetail 
Conglomerate in lower Walnut Canyon, but overlaps local faults that partly delimit 
Whitetail exposures to rest nonconformably on Precambrian Oracle-Ruin granite east of 
Spine Canyon. Thin remnants of Whitetail Conglomerate are preserved locally between 
Oracle-Ruin basement and Apache Leap Tuffnear the crest of The Spine ridge southeast 
of Copper Butte. Basal contact relationships thus indicate an unconformity beneath the 
Apache Leap Tuff, and locally angular unconformity is documented by a dip discordance 
of 30° to 40° between Whitetail Conglomerate bedding and Apache Leap Tufflayering in 
Spine Canyon. 

Within the Copper Butte area, the Apache Leap Tuff ranges in thickness from 
approximately 125 m near Spine Canyon on the east to approximately 250 m near Walnut 
Canyon on the west. The variation in thickness doubtless stems in part from erosion prior 
to deposition of the overlying Gravel of Walnut Canyon and Tuff of White Canyon. From 
a regional standpoint, however, the thickness of Apache Leap Tuff ranges from as much 
as 1000 m near Superior (15-20 km north of Copper Butte) to only 10 m near Kearny (15-
20 km southeast of Copper Butte). At the latter locality, a distal finger of Apache Leap 
tuff is intercalated as a pyroclastic tongue within conglomeratic beds of the San Manuel 
Formation as exposed near the structural keel of the San Pedro trough (Dickinson and 
Shafiqullah, 1989; Dickinson, 1991, p.73). 

Near the axis of the Jim Thomas Syncline in the Tortilla Mountains along the flank 
of the San Pedro trough, and within the Ripsey Wash half-graben along the western flank 
of the Tortilla Mountains, ash-fall tuffs intercalated with conglomeratic strata of the San 
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Manuel F ormation have yielded two radiometric ages of approximately 20 Ma, and are 
interpreted as co-ignimbrite ash from eruption clouds that accompanied emplacement of 
Apache Leap Tuff ash flows (Dickinson and Shafiqullah, 1989; Dickinson, 1991, p. 75-
76). This correlation implies that there are no local equivalents, beneath the sub-Apache 
Leap unconformity of the Copper Butte area, of the lower 300 m ofthe San Manuel 
Formation present beneath the co-ignimbrite ash-fall tuffs in the Ripsey Wash and Jim 
Thomas Wash successions of the Tortilla Mountains, nor ofthe lower 1000 m of the San 
Manuel Formation present below Apache Leap Tuff near Kearny along the structural keel 
of the San Pedro trough. Strata of the San Manuel Formation lying concordantly beneath 
Apache Leap Tuff near Kearny are gray to buff conglomeratic strata that are composed 
dominantly of granitic detritus, and resemble neither the Whitetail Conglomerate ofthe 
Copper Butte area nor the subjacent Hackberry Wash Facies of the Cloudburst Formation 
in the Tortilla Mountains. These relations suggest that the Copper Butte area occupied an 
extrabasinal position during at least the early part of the Lower Miocene interval of San 
Manuel deposition within the San Pedro trough and associated depocenters. 

Gravel a/Walnut Canyon (Tgw) 

The Gravel of Walnut Canyon (the "older gravel" of Creasey and others, 1983) is 
a thick succession of poorly to moderately consolidated, gray to buff conglomeratic strata, 
ranging from sandy conglomerate to sedimentary breccia, that forms a northeast-dipping 
homo cline resting depositionally on the Apache Leap Tuff and striking obliquely across 
the middle reach of Walnut Canyon. The poorly defined bedding and generally massive 
character of the unit indicate alluvial-fan or coarse-braidplain deposition. Exposures are 
truncated on the east by the Spine Canyon fault, so named here because the stratigraphic 
and structural relationships along its trace are best displayed along the west slope of the 
middle reach of Spine Canyon. This steep normal fault brings Gravel of Walnut Canyon 
down against Apache Leap Tuff in the footwall, and may have formed the eastern margin 
of the depositional basin in which the Gravel of Walnut Canyon accumulated. From the 
observed stratigraphic separation of the Apache Leap Tuff across the Spine Canyon fault, 
displacement along the structure is estimated as approximately 600 m. Although Keith 
(1986, p. 393) concluded that the structure here termed the Spine Canyon fault connects 
northward to the well known Concentrator fault of the Superior district, this correlation 
was not independently evaluated during this study. 

Coarse bodies of sedimentary breccia within the Gravel of Walnut Canyon contain 
clasts of Precambrian Oracle-Ruin Granite and Laramide Tea Cup Granodiorite, although 
each individual breccia body tends to be composed entirely of one or the other lithology. 
Although too poorly exposed to permit definitive interpretation, these bodies of breccia 
are probably in part debris-avalanche megabreccias. The joint presence of both Oracle
Ruin Granite and Tea Cup Granodiorite clasts implies derivation of the Gravel of Walnut 
Canyon mainly from the south, the only direction in which the two bedrock types occur 
together. Local lenses of debris-avalanche megabreccia composed entirely of Apache Leap 
Tuffmegaclasts imply syntectonic deposition of the Gravel of Walnut Canyon above a 
locally faulted substratum. The most accessible outcrop interpreted here as megabreccia of 
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the latter type occurs beside the road up lower White Canyon on a topographic spur at a 
wire gap through a fence line about 750 m upstream from the confluence of White Canyon 
with Walnut Canyon, and was previously mapped as Apache Leap Tuff in place (Creasey 
and others, 1983). 

Just south of the confluence of White Canyon with Walnut Canyon, the Gravel of 
Walnut Canyon is faulted against steeply dipping beds of the Whitetail Conglomerate. Just 
north of the confluence of White Canyon with Walnut Canyon, however, the Gravel of 
Walnut Canyon oversteps this fault, interpreted here as a splay of the Spine Canyon fault 
(see map on p. 15), to rest in buttress unconformity on Apache Leap Tuff. The buttress 
unconformity is fully displayed in a cliff exposure that can be examined in detail after a 
steep climb. From east to west across the middle reach of Walnut Canyon, the thickness of 
the Apache Leap Tuff preserved beneath the Gravel of Walnut Canyon appears to thin 
markedly, suggesting local erosion of Apache Leap Tuff prior to deposition of the Gravel 
of Walnut Canyon. Contact relationships thus indicate that the base of the Gravel of 
Walnut Canyon is an unconformity, and the upper contact with the Tuff of White Canyon 
is also an unconformity (see below). The maximum preserved thickness of the Gravel of 
Walnut Canyon is estimated to be approximately 300 m from the dip of outcrops along the 
prominent tributary to the middle reach of Walnut Canyon incised between mesa-like 
cappings of the Tuff of White Canyon. 

From the ages of underlying and overlying pyroclastic strata, the Gravel of Walnut 
Canyon is inferred to be Early Miocene in age, with deposition during the interval 18-20 
Ma. Derivation from the south ( see above) implies that the provenance for granitic clasts 
was the tilt block lying west of the Ripsey Wash half-graben. The deposition ofthe San 
Manuel Formation, as exposed within the Ripsey Wash half-graben, was underway well 
before and continued long after deposition of the Gravel of Walnut Canyon. 

Within the Tortilla Mountains south of the Gila River, there is clearcut evidence 
for progressive westward migration of diachronous extensional faulting during Lower 
Miocene time (Dickinson, 1991, p. 76), with the Ripsey Wash half-graben initiated later 
than the deformed half-graben between the Ripsey and Hackberry faults and the latter 
initiated later than the compound half-graben along the keel of the San Pedro trough lying 
to the east of the Tortilla Mountains. These relationships south of the Gila River suggest 
that the Spine Canyon fault and the local depositional basin of the Gravel of Walnut 
Canyon north of the Gila River may have become active in turn later than the Ripsey fault 
and the Ripsey Wash half-graben. If this interpretation is correct, then the Gravel of 
Walnut Canyon and the middle part of the San Manuel Formation of the Ripsey Wash 
half-graben partly shared the same provenance, but were never contiguous units. The 
seemingly equivalent part of the San Manuel Formation in the Ripsey Wash half-graben is 
bounded, above and below, by ash-fall tuff layers that have yielded radiometric ages of 18 
and 20 Ma, respectively (Dickinson and Shafiqullah, 1989; Dickinson, 1991, Fig. 35), but 
is only about 100 m thick (Cornwall and Krieger, 1975a). Movement along the Ripsey 
fault, and coordinate deposition of conglomeratic strata within the San Manuel Formation 
of the adjacent Ripsey Wash half-graben, had begun prior to eruption of the Apache Leap 
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Tuff (see above) and evidently continued throughout the remainder of Early Miocene time 
long after deposition of the Gravel of Walnut Canyon had ceased (see below). 

Tzif.! of White Canyon (Ttw) 

The Tuff of White Canyon (the "older tuff" of Creasey and others, 1983) is a 
pyroclastic unit that locally rests depositionally on all the older Tertiary units of the 
Copper Butte area. Its exposures form a number of resistant mesas and ridgetops. Thin 
beds (1-10 cm thick) of white to light gray tuff accumulated as successive ash-fall layers, 
each typically of even thickness and laterally continuous at outcrop scale, displaying no 
discernible evidence for fluvial reworking after pyroclastic deposition. On a larger scale, 
however, it is clear that the Tuff of White Canyon was draped across a diverse landscape 
of appreciable local relief, and tuffaceous conglomerate horizons occur within 1-5 m of its 
base. Onlap of at least local topographic prominences is indicated by converging tuffbeds, 
with fanning dips, near the unconformable base of the Tuff of White Canyon along the 
south flank of the sac-like (in plan view) protuberance of Apache Leap Tuff exposure 
(now forming a steep topographic nose) lying just to the southwest of the Copper Butte 
Mine (near the 50° dip symbol on the accompanying geologic map). Despite such local 
irregularities in the basal contact, the Tuff of White Canyon formed a sheet of rather 
uniform thickness (estimated as 125-150 m) throughout the Copper Butte area. As its 
exposed top is everywhere erosional, however, varying thicknesses are preserved from 
place to place. 

The ash blanket of the Tuff of White Canyon lies abruptly in paraconformity and 
disconformity on the Gravel of Walnut Canyon in cliff exposures along the east wall of 
Walnut Canyon west of Copper Butte. The absence of any tuff layers in gravels below the 
contact and the absence of any gravel layers within the tuffs above the contact show that 
the tephra cover represented by the Tuff of White Canyon effectively choked or deranged 
the drainages responsible for earlier dispersal of the Gravel of Walnut Canyon. Near the 
confluence of White and Walnut Canyons, the basal contact of the Tuff of White Canyon 
also overlaps the buttress unconformity along which the Gravel of Walnut Canyon overlies 
a thin remnant of Apache Leap Tuff. 

The Tuff of White Canyon also overlaps the Spine Canyon fault that bounds 
exposures of the Gravel of Walnut Canyon on the east. The course of the fault can be 
inferred beneath mesa-like caps of the Tuff of White Canyon between Walnut Canyon 
and Copper Butte by the position of the fault contact (northward projection of the Spine 
Canyon fault) between Gravel of Walnut Canyon and Whitetail Conglomerate in the 
drainage of a prominent tributary to Walnut Canyon. The Spine Canyon fault apparently 
emerges in upper Walnut Canyon as a fault trace entirely within exposures of the Whitetail 
Conglomerate, but is overlapped again north of Walnut Canyon by a local ridge capping of 
the Tuff of White Canyon. 

The striking buttress onlap of Apache Leap Tuffby Tuff of White Canyon with 
fanning dips ( see above) apparently represents the banking of pyroclastic deposits against 
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a paleoscarp developed along the Spine Canyon fault, which brought readily erodible 
Gravel of Walnut Canyon down against resistant Apache Leap Tuff forming the footwall 
of the paleoscarp. Analogous overstepping of units in the footwall of the Spine Canyon 
fault by the base of the Tuff of White Canyon is displayed in steep tributaries to Spine 
Canyon south of Copper Butte. Farther east, across the eroded surface of the footwall 
block of the Spine Canyon fault, the Tuff of White Canyon rests concordantly on Apache 
Leap Tuff and then directly on Precambrian basement where erosion had removed Apache 
Leap Tuff cover prior to the ash-fall eruptions that deposited the Tuff of White Canyon. 

Views of Battle Axe Butte from uplands across Walnut Canyon to the southeast, 
and across White Canyon to the northeast, indicate that the outcrops of Tuff of White 
Canyon beneath talus-mantled slopes below the resistant cliffs of the Battle Axe Butte 
rhyolitic plug are remnants of a tuff cone with ash-fall bedding inclined gently away from 
the plug, which was emplaced within the throat of the tuff cone. The Battle Axe Butte 
volcanic center is accordingly interpreted as one source of the pyroclastic eruptions that 
gave rise to the Tuff of White Canyon. In steep cliffs along the wall of Walnut Canyon just 
east of the confluence of White and Walnut Canyons, the Tuff of White Canyon displays 
multiple internal scour surfaces covered progressively by festoon-like packets of beds in 
sets draped successively over one another. This style of internal bedding is not observed 
elsewhere in the Tuff of White Canyon within the Copper Butte area, and is interpreted as 
characteristic of a near-vent facies present only near the Battle Axe Butte volcanic center. 

From the intimate relationship of the Battle Axe tuff cone to the slightly younger 
central rhyolitic plug of Sleeping Buffalo Rhyolite (see below) forming the crest of Battle 
Axe Butte, the Tuff of White Canyon is inferred provisionally to be of Lower Miocene age 
(about 18 Ma). This age assignment implies that there are no preserved equivalents, within 
the Copper Butte area, of the upper part of the San Manuel Formation in the Ripsey Wash 
half-graben south of the Gila River, where strata above an ash-fall tuff of comparable age 
reach a thickness of approximately 600 m (Dickinson, 1991). The Tuff of White Canyon is 
probably correlative, however, with the mapped "airfall tuff' (Cornwall and others, 1971) 
or "waterlain rhyolite tuff' (John, 1994) that occurs above the Apache Leap Tuff in the 
Ray Mine area. 

Sleeping Buffalo Rhyolite (Tsb) 

The rugged monolith of Battle Axe Butte is composed of rhyolite correlated with 
the Sleeping Buffalo Rhyolite, which is exposed more extensively farther north in the 
Teapot Mountain quadrangle (Creasey and others, 1983). The type area of the unit is 
the peak called The Sleeping Buffalo, located 6 km NNW of Battle Axe Butte. Both The 
Sleeping Buffalo and Battle Axe Butte are eastern outliers of an extensive silicic volcanic 
field in the Mineral Mountains to the west. Radiometric ages indicate that the Sleeping 
Buffalo Rhyolite was erupted 16-18 Ma near the transition from Early to Middle Miocene 
time (Creasey and others, 1983). 
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The Sleeping Buffalo Rhyolite of Battle Axe Butte includes both intrusive and 
extrusive phases of resistant rhyolite. The southwestern part of the monolithc exposure is 
a vertically jointed plug and capping dome intruded through the Gravel of Walnut Canyon 
to emerge within the crater of the tuff cone whose remnants are preserved as outcrops of 
the Tuff of White Canyon around the eastern, northern, and western flanks of Battle Axe 
Butte. The southern flank of the tuff cone has been entirely removed by modern erosion to 
expose the intrusive contact between Sleeping Buffalo Rhyolite and the Gravel of Walnut 
Canyon. A smaller satellite body of intrusive Sleeping Buffalo Rhyolite cuts the Gravel of 
Walnut Canyon near the floor of Walnut Canyon to the east. The northeastern part of the 
monolithic exposure forming the crest of the butte is composed of extrusive ryholite that 
was emplaced as a stubby flow, or succession of closely related flows, passing over the 
crest and down the proximal flanks of the tuff cone. Crude layering and flow banding in 
this extrusive rhyolitic lava is subparallel to the internal ash-fall layering of the subjacent 
tuff cone. 

Generations of Faults 

The Tertiary succession in the Copper Butte area is broken by several generations 
of faults, along which movement was separated in time by erosional intervals that gave rise 
to multiple unconformities: 

(1) The Whitetail Conglomerate rests depositionally on basement rocks along a 
nonconformity that records deep erosion associated with Cretaceous-Paleogene Laramide 
deformation, which produced widespread uplift in southern Arizona (Dickinson, 1991). 
The coarse clastic nature of most Whitetail strata suggests that extensional faulting to 
produce strong local relief had begun by Oligocene time, and local faults partly delimiting 
exposures of Whitetail Conglomerate near Spine Canyon probably represent structures 
coeval with Whitetail sedimentation. These faults, trending generally NNE-SSW, are 
overlapped unconformably by the Lower Miocene Apache Leap Tuff. 

(2) Following emplacement of the Apache Leap Tuffby voluminous ash flows 
derived from the north, well outside the Copper Butte area, a continuation or resumption 
of Lower Miocene faulting and erosion is indicated by local buttress unconformities and 
stratal pinchouts beneath the Gravel of Walnut Canyon, and by restriction of the latter 
unit to the area west of the Spine Canyon fault. As the coarse clastic nature of the Gravel 
of Walnut Canyon and its intercalated megabreccia lenses apparently reflect syntectonic 
sedimentation, the Spine Canyon fault is inferred here to have been active during its 
deposition. 

(3) The Spine Canyon fault is overlapped unconformably by the Tuff of White 
Canyon, which was draped upon and across a paleoscarp developed along it as ash-fall 
deposits that were dispersed in part from the nearby volcanic center at Battle Axe Butte, 
located just west of Walnut Canyon within the Copper Butte area. The Tuff of White 
Canyon blanketed a landscape of varied and locally rugged relief produced by previous 
episodes offaulting and erosion. No major faults offset the Tuff of White Canyon within 
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the Copper Butte area, but the unit is folded into the keel of the Spine Syncline, which is 
inferred below to have formed during movements along the Copper Butte fault. 

Spine Syncline 

There is little doubt that the Spine Syncline (Keith, 1986) is one of the most 
puzzling structural features in southern Arizona. Although it is imbedded, as it were, 
within a surrounding context of apparently extensional mid-Tertiary and younger faults 
and associated half-grabens, the attitudes of beds in its limbs clearly record at least locally 
contractional deformation. Immediately south of Copper Butte, where the structure is 
tightest for about a kilometer along strike, dips in both the Apache Leap Tuff and the Tuff 
of White Canyon average 32°-36° in both limbs of the fold. Both eastward and westward, 
the fold dies out rapidly, with dips in both fold limbs decreasing to only SO _ISO within a 
kilometer along strike in either direction from the ends of the kilometer-long segment of 
the syncline that displays steep dips. 

The structurally compressed segment of the Spine Syncline occupies the part of the 
hanging-wall block of the Copper Butte fault that lies directly adjacent to a prominently 
curved segment of the fault trace convex to the southwest (see accompanying map, p. IS). 
A "down-plunge" view of the hanging wall ofthe fault can be obtained by sighting 
(mentally) downdip along the fault surface. This structural perspective shows that the 
convexity in the fault trace is likely to represent a protuberance in the footwall block over 
which the hanging wall was forced to travel. The contractional deformation within the 
hanging wall represented by the Spine Syncline may thus stem from molding a once more 
planar base of the hanging-wall block around an irregularity in the footwall block as fault 
slip proceeded. 

As the Spine Syncline involves the full Tertiary stratigraphic section of the Copper 
Butte area, this rationale for the formation of the Spine Syncline can only be valid if some 
significant proportion of the net slip along the Copper Butte fault occurred later than the 
deposition of any of the stratigraphic units exposed in the Copper Butte area. This view is 
fully compatible with observed relationships along its continuation, as the Ripsey fault, 
south of the Gila River. The Ripsey fault, inferred to be the youngest major structure of 
the Tortilla Mountains (Dickinson, 1991, p. 76), clearly displaces strata interpreted as 
correlative with and younger than any of the Tertiary stratigraphic units exposed in the 
Copper Butte area. Initiation of movement along the Ripsey fault post-dated the earliest 
structural development of the San Pedro trough to the northeast as active faulting stepped 
sequentially westward through the Tortilla Mountains during E.arly Miocene time. 
Although the earliest displacements along the Ripsey fault, and thus by inference along its 
northward continuation as the Copper Butte fault, apparently preceded eruption of the 
Apache Leap Tuff(Dickinson, 1991), displacements apparently also continued long after 
the time of eruption of the Tuff of White Canyon. 

Relationships along the Copper Butte fault to the north of Copper Butte have not 
yet been established with sufficient clarity to afford a comparable test of its age in that 
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direction, but the area around the largely covered intersection of the Spine Canyon fault 
with the Copper Butte fault should be examined carefully for evidence of relative age. The 
Spine Canyon fault has been tentatively correlated with the Concentrator fault, which is 
presumed to be a younger structure than the Copper Butte fault (Keith, 1986). It is thus 
important to know whether one of the two structures is entirely older than the other, or 
whether movements along the Copper Butte fault both predated and postdated movement 
along the Spine Canyon fault, as inferred here. It may be significant that the estimated 
displacement on the Spine Canyon fault (see above) is an order of magnitude less than the 
estimated displacement on the Concentrator fault near Superior (Keith, 1986). 
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LEGEND FOR GEOLOGIC MAP 

[local talus deposits, sandy modern wash-floor alluvium, and slightly older Quaternary 
gravels of stream and pediment terraces not mapped separately] 

QIs: Pleistocene (7) landslide megabreccia of Apache Leap Tuffblocks and colluvium 
(deeply dissected by active modern drainages) 

Tsb: Lower to Middle Miocene (16-18 Ma) Sleeping Buffalo Rhyolite 

Ttw: Lower Miocene (c. 18 Ma) Tuff of White Canyon 

Tgw: Lower Miocene (18-20 Ma) Gravel of Walnut Canyon 

Tal: Lower Miocene (c. 20 Ma) Apache Leap Tuff 

Twc: Oligocene (25-35 Ma) Whitetail Conglomerate 

Tgmp: Paleocene (59-62 Ma) Granite Mountain Porphyry (late Laramide) 

Ktqd: Cretaceous (69-72 Ma) Tortilla Quartz Diorite ( early Laramide) 

Yor: Middle Proterozoic (1420-1450 Ma) Oracle-Ruin Granite 

Xps: Lower Proterozoic (> 1700 Ma) Pinal Schist 
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