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Sells 100K geologic units
Tailings

Fine-grained pulverized rock waste deposited from slurry to form large flat-topped heaps. 
Waste material from ore concentrator plant. Geologic unit definition source: Richard et al 2003 
Twin Buttes

t

Dump
Diamicton of non-consolidated waste rock material removed from mine. Geologic unit 
definition source: Richard et al 2003 Twin Buttes

w

Surface deposits related to human activity (Recent)
Areas of significant recent surficial disruption due to various human activities. Includes dams, 
sand and gravel quarries, large cattle tanks, areas leveled for mining and other development 
activity, etc.

d

Modern channel deposits
Compilation unit for sand and gravel deposits in active, open channels of tributary washes on 
the piedmonts that could be delineated at a scale of 1:24,000.  This unit is composed of 
moderately-sorted sand, gravel, and pebbles with some cobbles in the lower piedmont areas to 
poorly-sorted sand, gravel, pebbles, and cobbles in the upper piedmont areas.  Channels are 
generally incised less than 0.5 to 1 meter below adjacent Holocene terraces.  Channel 
morphologies generally consist of a single thread deep high flow channel or multi-threaded 
shallow low flow channels with adjacent gravel bars.  The channels are flood prone and are 
subject to deep, high velocity flow during moderate to large flood events.  Channels are subject 
to scouring and bar deposition.  Banks are subject to lateral erosion.  There is no soil 
development in this fluvially active unit, and little or no vegetation within the channels. 
Geologic unit definition source: PAPQUnit cleanup Phoenix NW

Qyc

Quaternary surficial deposits, undivided
Non-consolidated to moderately consolidated terrigenous clastic material forming eolian, 
lacustrine, and alluvial deposits in modern physiographic basins and as veneer on bedrock in 
mountain areas.  This unit mapped where surfical deposits have not been studied. Geologic 
unit definition source: PAPQUnit cleanup Phoenix NW

Qs

Colluvium and talus, undivided
Unconsolidated to moderately consolidated colluvium and talus deposits on steeper hillslopes.  
These hillslope deposits are typically weakly bedded, subangular to angular, poorly sorted sand 
and gravel. Geologic unit definition source: PAPQUnit cleanup Phoenix NW

Qtc

Modern river channel deposits
Deposits in active stream channels of major streams.  Predominantly unconsolidated sand, 
pebbles, cobbles and boulders. Clasts are subrounded to well-rounded and deposits typically 
contain diverse lithologies representing both local and non-local rock type (generally less than 
~100 yr). Geologic unit definition source: PAPQUnit cleanup Phoenix NW

Qycr

Holocene river deposits, undivided
Generally includes young terrace deposits that are above the active channels but subject to 
inundation and fine-grained deposition during large flood events. Deposit lithology includes 
sand and gravel equivalent to material in channel deposits, as well silt and clay deposited by 
overbank flow during floods. Locally includes Qyc or Qycr. Geologic unit definition source: 
PAPQUnit cleanup Phoenix NW

Qyr

Late Holocene deposits in active stream channels, low terraces, and 
alluvial fans

Late Holocene deposits in active stream channels, low terraces, and alluvial fans. Sand and 
pebbles with some cobbles and small boulders in middle and upper piedmont areas, and sand 
and some pebbles lower on the piedmont, associated with active or recently active fluvial 
systems.  Terrace and fan deposits typically consist of sand and silt with some gravel lenses.  
Fan and terrace surfaces typically are planar where deposits are fine and gently undulating 
where deposits are coarser, with gravel bars and finer-grained swales.  Desert pavement 
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Sells 100K geologic units
development is minimal and rock varnish is very light or nonexistent.  Locally exhibits bar and 
swale topography, the bars being typically more vegetated.  These surfaces typically have little 
to no soil development, however they may have some disseminated carbonate near the surface 
consolidating the upper portions of the profile.  Surface dissection is minimal and is associated 
with channels that are incised up to 1.5 m below adjacent fans or terraces.  Channel patterns 
are variable, including anastamosing or distributary linked channels and separate small 
tributary channels feeding into larger channels.  These deposits are similar to Qy1 deposits, but 
are slightly lower in the landscape and, thus, younger.  This unit includes deposits mapped as 
Qyc outside of the main Hassayampa River channel by Shipman and Grubensky (2004). 
Material mapped as Qy2 by Shipman and Grubensky (2004) apparently includes large bars and 
low terraces intermediate in age between deposits mapped as Qy1 and Qy2 in adjacent map 
areas; these polygons are preserved in the compilation map. Geologic unit definition source: 
PAPQUnit cleanup Phoenix NW

Older Holocene piedmont alluvium
In middle and upper piedmont areas, deposits are poorly sorted, consisting of sand, silt, 
pebbles, and cobbles; in lower piedmont areas, deposits are typically sand and silt with minor 
gravel.  Surface relief varies with particle size, with relict bar and swale topography where 
deposits are gravelly and relatively smooth surfaces where sand and silt predominate.  Soil 
development is weak, with some soil structure and minor carbonate accumulation.  Surfaces 
typically are brown to gray, with common gravel litter but minimal desert pavement or rock 
varnish.  Poorly-sorted sand, silt, and gravel that underlie flood-plain terraces 1 to 3 meters 
above active drainages. Geologic unit definition source: PAPQUnit cleanup Phoenix NW

Qy1

Holocene piedmont alluvium, undivided
Mostly alluvium, may include some eolian deposits.  This unit is characterized by 
unconsolidated, stratified, poorly to moderately sorted sand, gravel, cobble, and boulder 
deposits that underlie small active channels, low terraces, and alluvial fans. In some places this 
designation is used where the Qy1 and Qy2 surfaces are too intricately intermingled to map 
separately at this scale.  These areas may be subject to occasional to frequent flooding.  
Terraces and alluvial fan surfaces are 0 to 2 m above active channels.  Terrace surfaces are 
frequently mantled by sandy loam sediment.  Alluvial surfaces exhibit bar-and-swale 
topography, with the ridges typically being slightly more vegetated.  Surfaces have minimal or 
no rock varnish or desert pavement development, and may be subject to inundation during 
large floods.  Late Holocene soils are minimally developed, but Middle and Early Holocene 
soils typically contain cambic horizons, weak calcic horizons (not more than Stage I), and are 
noticeably reddened.  Surface colors are light brown to yellowish brown, with a slight 
reddening with depth due to oxidation. Some of the older soils may contain weakly developed 
argillic horizons.  Soils are classified as Torrifluvents, Torriorthents, Camborthids, and 
Calciorthids.  Surface soils are not indurated with clay or calcium carbonate, so surfaces have 
relatively high permeability and porosity. Geologic unit definition source: PAPQUnit cleanup 
Phoenix NW

Qy

Holocene to Pleistocene alluvium
Gravel, sand, silt and clay, generally weakly to moderately consolidated.  Includes Middle to 
late Pleistocene alluvial fans intricately incised by stream channels with younger deposits on a 
scale too small to map, and Holocene to Middle Pleistocene piedmont alluvial deposits of 
uncertain age. Geologic unit definition source: PAPQUnit cleanup Phoenix NW

Qyi

Middle to late Pleistocene piedmont alluvium, undivided
Moderately consolidated sand, sandy gravel, or gravel deposits underlying surfaces with some 
soil development, genererally redder than Qy soils, with less clay and carbonate accumulation 
than Qo soils.  Surfaces slightly to moderately  incised  by active channels. Geologic unit 
definition source: PAPQUnit cleanup Phoenix NW

Qi

Pleistocene river deposits, undivided
Deposits are  composed of poorly sorted, subrounded to subangular, clast supported 
conglomerate, with abundant channelized lenses of framework conglomerates.  Clasts are 
pebble to cobble in size. The matrix is composed of coarse sandstone which is cemented by 
calcite.  Terrace deposit may be very thin (< 3 m thick). Terrace surface typically 10  to 30 m 
above the active channel.  Soil development is moderate with some clay accumulation where 
terrace surfaces are well preserved. Geologic unit definition source: PAPQUnit cleanup 
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Phoenix NW

Late to latest Pleistocene piedmont alluvium
Late Pleistocene alluvial fan surfaces and terraces consisting of moderately sorted, clast-
supported sandstone and conglomerate with abundant granitic or metamorphic gravel clasts in 
a tan to brown sandy to silty matrix.  Surfaces are moderately incised by stream channels, but 
still contain constructional, relatively flat, interfluvial surfaces.  Subdued bar and swale 
topography is common.  Desert pavement and rock varnish development ranges from 
nonexistent to moderate. Surface colors are slightly more red (light brown to reddish yellow) 
than Qy surfaces. Qi3 soils are also more strongly developed than Qy soils.  Qi3 soils 
commonly contain tan to red-brown argillic horizons that are weakly to moderately strongly 
developed.  These soils typically have Stage II-III calcium carbonate development, and  are 
classified as Haplargids, Camborthids, and Calciorthids. The low infiltration rates of these 
surfaces favor plants that draw moisture from near the surface.  Qi3  surfaces are generally not 
prone to flooding, except immediately adjacent to active washes.
Unit Qi3 is composed of late Pleistocene alluvium deposited within incised valleys and on top 
of the Qi2 unit.  The late Pleistocene alluvium is less than 5 meters thick and composed of 
poorly sorted cobble and pebble conglomerate with granite, dacite, rhyolite, and metamorphic 
sedimentary clasts.  Qi3 surfaces are planar with some dissection and beveling near the edges, 
incision is less than 3-4 meter.  Qi3 surfaces may be subject to inundation in especially large 
floods in the valley bottom where topographic relief is minimal.  Qi3 deposits located outside 
the valley can experience sheet flooding when the soils become saturated during wet winters or 
after a period of sudden and heavy rainfall during the summers.  Soil development is immature 
to moderate with some desert pavement, stage II to III carbonate development, composed of 
silty clay.  Soil color is typically reddish yellow (7.5 YR 6/6) and whitish tan on the air 
photos.  The dominate vegetation on this surface are creosote, saguaro, large palo verde, and 
ocotillo.
Sand and gravel of late Pleistocene age forming thin veneer over a bedrock pediment. 
Underlying older geologic unit may be identified in parenthesis after Qi3 label on map.
Locally subdivided into older and younger sub unit. Geologic unit definition source: 
PAPQUnit cleanup Phoenix NW

Qi3

Younger late Pleistocene alluvium
Unit Qi3y is correlative with unit 2d of Pearthree and Calvo [1987]. Geologic unit definition 
source: PAPQUnit cleanup Phoenix NW

Qi3y

Middle to late Pleistocene piedmont alluvium
Alluvial deposits that include sand, loamy sand, gravely sand and minor gravel, poorly sorted 
with sand- to boulder-sized clasts. Preserved depositional surfaces in the upper piedmont form 
flat ridges separated by incised channels in shallow valleys, and deposits tend to be coarsely 
textured given their proximity to mountain slopes.  Qm surfaces are typically 2 to 10 m above 
modern channels.  Desert pavement and rock varnish development is moderate to strong on 
stable surfaces, but variable to weak on highly eroded surfaces.  Soils are thick and well 
developed with argillic, duric, and local petrocalcic horizons and brown to reddish brown 
surface colors.  These soils typically contain reddish argillic horizons moderately to strongly 
enriched in pedogenic clay.  Calcic horizon development is fairly strong (Stage II-IV), but soils 
generally do not have cemented petrocalcic horizons (caliche).  These soils classify as 
Calciorthids, Haplargids, Petroargids, Paleargids, and Petrocalcids (Leighty, 1998; Soil Survey 
Staff, 1994).  The combination of indurated soil and moderate to steep slope precludes 
substantial surface infiltration into these deposits.  Surfaces are not prone to flooding, except 
near active washes. Geologic unit definition source: PAPQUnit cleanup Phoenix NW

Qi2

Middle to early Pleistocene alluvial fan deposits
(~500 ka to 1 Ma) – Old relict alluvial fans with moderately strong soil development. Deposits 
are poorly sorted, including sand, pebbles, cobbles, and small boulders with minor silt and 
clay. Surfaces typically are moderately dissected with up to 6 m of local relief, but interfluve 
surfaces are quite smooth and have dark, strongly developed pebble-cobble desert pavements. 
Soils have moderate clay accumulation and obvious reddening and abundant carbonate 
accumulation resulting in weak cementation.
Mapped on AZGS DGM 30-33 in Silverbell Mountains, Drewes [1997] Qgt unit correlated 
with this based on description. Geologic unit definition source: PAPQUnit cleanup Phoenix 
NW

Qio
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Older late Pleistocene alluvium

no description Geologic unit definition source: PAPQUnit cleanup Phoenix NW
Qi3o

Early Pleistocene river terrace deposits (750 ka to 1.6 Ma)
Old terrace remnants of major rivers. Early Pleistocene terrace deposits of the Agua Fria River 
and Hassayampa Rivers. These terrace deposits represent the highest and oldest terraces of the 
Agua Fria River and Hassayampa River that record the maximum aggradation of the rivers. 
Terrace surfaces are fairly flat or broadly rounded, but all terrace surfaces are moderately to 
deeply dissected by tributary
drainages and the river and have been substantially modified by erosion. Exposures are poor, 
but well-rounded gravel is evident at the surface. Terrace surfaces are also covered with litter 
from underlying petrocalcic soil horizons. Terrace surfaces range from about 20 to 30 m above 
the active river channel, and are higher in more northern, upstream areas. Geologic unit 
definition source: PAPQUnit cleanup Phoenix NW

Qor

Early Pleistocene piedmont deposits
Alluvial fan surfaces and deposits that consist of typically very poorly sorted cobbles to clay, 
including angular to subangular cobbles and pebbles and clay.  Deposits typically are very 
poorly sorted, including angular to subangular cobbles and pebbles with sand and minor silt 
and clay. These deposits are moderately consolidated and commonly are indurated by soil 
carbonate.  Surfaces are moderately to deeply dissected, with 2 to 10 m of relief between 
channels and ridgecrests.  This unit occupies the highest  topographic positions on the 
piedmonts and occurs only on the upper piedmont.  Original fan surfaces have been removed 
by erosion, so the characteristic topographic expression of these deposits are alternating ridges 
and valleys. Soil development is moderate to strong, depending on local preservation.  Reddish-
brown argillic horizons are moderately- to well-developed on planar, relatively well-preserved 
alluvial surface remnants in the Daisy Mountain area.  All soils are dominated by carbonate 
accumulation.  Surfaces typically are littered by carbonate fragments derived from eroded or 
perturbed petrocalcic horizons; this gives Qo surfaces a light appearance on aerial 
photographs.  Cemented petrocalcic horizons are commonly exposed on side slopes below 
ridge crests. Geologic unit definition source: PAPQUnit cleanup Phoenix NW

Qo

Older piedmont alluvial deposits
Gravel containing rounded boulders of locally derived rock types. Older piedmont alluvial 
deposits proximal to mountain fronts and in upper parts of drainage basins where older 
deposits are preserved. Not as deeply dissected as QTo, sufuraces of deposition preserved. 
Includes mostly Qm, Qo and QTo type deposits and Qm or Qo surfaces. Regional 
reconnaissance unit. Geologic unit definition source: PAPQUnit cleanup Phoenix NW

QTsa

Older undivided alluvium
Poorly to well consolidated conglomerate, sandy conglomerate, sand and some fine-grained 
deposits, forming relict alluvial fans with locally preserved Early Pleistoce or older soils and 
relict soils, generally proximal to bedrock. Generally deeply dissected, such that geomorphic 
surfaces of deposition are only locally preserved.  Regional reconnaissance unit. Geologic unit 
definition source: PAPQUnit cleanup Phoenix NW

QTo

Basin Fill conglomerate
Slightly tilted and faulted conglomerate, mostly pebble-cobble, some boulder beds and local 
sand lenses. In basin along Bellotas Canyon, west of Cobre Ridge along mexican Border. Tg of 
Drewes (1998).  Also in basin along Arivaca Creek and Sapori Wash. Conglomerate observed 
in Sapori Wash is volcanic lithic, proximity and lithologic similarity suggest correlation to 
volcanic clast conglomerate along southern end of Sierrita Mountains. These slightly-tilted 
conglomerate units seem to fill a series of small half graben that pre-date the formation of the 
modern Basin and Range physiography. Volcanic rocks are interbedded in Tres Bellotas 
Canyon. Geologic unit definition source: SMR 020706 Rock unit edits

Tsy

Conglomerate of Kohi Kug
Conglomerate and subordinate sedimentary breccia (Fair, 1965).  Includes one mapped 
interbedded andesite lava flow (unit Taf). Overlies thin basalt lava flow on Jurassic granite, 
overlain by rhyolite of Kohi Kug. Includes friable, thoroughly weathered basal conglomerate, 

Tck
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interpreted by Fair (1965) to have formed largely by in-place weathering of underlying source 
rocks (unit Tcb of Haxel et al., MF 1251). Mapped in fault blocks on west side of central 
Baboquivari Mountains. Geologic unit definition source: Haxel et al 1980 MF 1251

Volcanic-lithic conglomerate and sandstone of Proctor Wash
A heterogeneous volcaniclastic unit consisting of clast-supported, boulder-cobble-pebble 
conglomerate in the north grading to the south into cobble-pebble, sandy, matrix-supported 
conglomerate and pebbly sandstone.  The unit locally includes pumiceous sandstone beds and 
rare dacitic pyroclastic beds less than 1 m thick with abundant plagioclase, biotite, and 
hornblende phenocrysts.  Bed thicknesses decrease from very thick-bedded to massive in the 
north to medium- to thick-bedded and thin- to medium-bedded to the south.  The unit 
interfingers with the andesite of Tinaja Hills and the dacite of Tinaja Peak along the northern 
edge of the Tinaja Hills.  Volcanic lithic clasts in the unit represent a diverse suite of Mesozoic 
and Tertiary rock types derived from the Tinaja Hills, Batamote Hills and the Sierrita 
Mountains.  In general, volcanic clasts in the north are exclusively Mesozoic, but sparse lenses 
of conglomerate with Tertiary volcanic clasts also occur in this area.  The lowermost portion of 
this unit (strata that underlie the andesite of Tinaja Hills) is equivalent to the volcanic lithic 
sandstone (Tvs) of Spencer et al., (2003) to the east.  The volcaniclastic conglomerate and 
sandstone is at least 500m thick.  Age is Late Oligocene or Miocene.
Includes rocks included in the unit base on photogeologic mapping to the south and east of the 
Batamote Hills 7.5 minute quadrangle. Geologic unit definition source: Ferguson et al 2003 
and Johnson et al 2003

Tcv

Conglomerate of Arivaca Lake
Conglomerate lense, forms marker horizon  within volcanic rocks of Jalisco Ridge, described 
by Drewes [1997] as pebble and cobble conglomerate, locally with red mudrock lenses. Clasts 
subangular to subrounded, mostly  volcanic rock, but includeing some Jurassic(?) siltstone, 
sandstone, and granite.  Up to 100 m thick. Geologic unit definition source: Drewes 1997 1998 
Arivaca Bartlett Mountain

Tca

Basaltic lava of the Cerro Colorado Mountains
Basalt lavas mapped by Keith and Theodore, 1976, capping volcanic sequence in Cerro 
Colorado Mountains. Based on gentle east dip and stratigraphic position, correlate north to 
upper basalt unit of Batamote Hills of Ferguson et al., 2003. Geologic unit definition source: 
Keith and theodore 1975 Arivaca

Tbu

Conglomerate of Coches windmill
Conglomerate beneath(?) volcanic rocks of Coches Ridge, along Fresnal Wash west of Coches 
Ridge. All contacts mapped as faults by Haxel; stratigraphic relations unclear. Geologic unit 
definition source: SMR 020706 Rock unit edits

Tc1

Tertiary volcanic and sedimentary rocks, undivided
Tertiary volcanic rocks, possibly with interbedded sedimentary rocks. Photogeolgoic in western 
Sierrita Mountains. Geologic unit definition source: SMR 020706 Rock unit edits

Tvs

Volcanic rocks of the Tumacacori Mountains
Volcanic rocks that form the main part of the Tumacori Mountains.  Not mapped or described 
in the literature, except specialized petrographic studies by S. Seaman (U. Mass.). Geologic 
unit definition source: SMR 020706 Rock unit edits

Tvtm

Volcanic rocks of Cedar Canyon to Bartolo Canyon
Unmapped volcanic rocks west of the Tumacacori Mountains and east of Jalisco Ridge-
Arivaca Lake. Mapped as Ttl and Tth by Haxel (unpublished, no rock descriptions), Tva by 
Drewes (USGS Bull 2083). Boundaries based on ASTER reflectance charater, photo geology, 
and reconnaissance mapping by Haxel and Drewes.  Southwestern part of mapped outcrop 
includes rhyolitic dome complexes and associated pyroclastics rocks similar to volcanic rocks 
of Jalisco Ridge, based on photogeology and ASTER image.  Includes small unmapped 
outcrops north of Cerro Colorado and east of Surprise Well. Geologic unit definition source: 
SMR 020706 Rock unit edits

Tv
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Rhyolite of Coches Ridge

Rhyolite lavas and interbedded tuffaceous rocks, mapped by Drewes [1998] on the western 
edge of Bartlett Mountain quadrangle, and by Haxel (Arivaca area, unpublished mapping).  
Drewes [1998] describes an upper and lower rhyolite lava flow, separated by a thin interval of 
tuffaceous rocks. Upper lava flow is light pinkish gray, flow laminated rocks that weatehrs pale 
brownish gray and slabby, locally with a black basal vitrophyre up to 2 m thick. Rock is 
porphyritic with a cryptocrystalline to altered devitrified groundmass.  Phenocrysts mostly 
1mm but up to 4 mm long form 8-10 % of rock. Phenocrysts are 4-6% sodium andesine, 1-3% 
sanidine, 1-3% quartz, trace to 1% biotite, and trace magnetite, apatite,and zircon. Biotite 
concentrate from basal vitrophyre dated 22.7 +/- 0.6 Ma (R. Reesman, Geochron Laboratories, 
reported in Drewes, 1998). 
Lower rhyolite described by Drewes [1998] similar to upper rhyolite, but contains microscopic 
miarolitic(?) quartz-filled pockest.  May be slightly more porphyritic than upper rhyolite. 
Geologic unit definition source: Drewes 1997 1998 Arivaca Bartlett Mountain

Trc

Rhyolite of Nachi Kulik
Red, gray, and purplish-gray, biotite- bearing rhyolitic or rhyodacitic flows and pebble- to 
boulder-size volcanic breccia and conglomerate; crops out in low hills in southwest part of the 
Presumido Peak 15 minute  quadrangle. Geologic unit definition source: Haxel et al 1982 MF 
1378

Trn

Rhyolite of Bartlett Mountain
Dikes and small intrusive bodies of light gray sparsely and finely porphyritic  generally flow-
laminated and strongly altered rhyoltie, Bartlett Mountain quad; may correlate with rhyolite of 
Allison Camp. Geologic unit definition source: Drewes 1997 1998 Arivaca Bartlett Mountain

Trb

Rhyolite lava flows, volcanic rocks of Jalisco Ridge
Light-colored, locally reddish-brown, flow-laminaged or brecciated rock. Forms bold hills and 
cliffs. Texture commonly aphanitic to sparsely porphyritic; lithophysae an dother signs of 
devitrified glass are common. Phenocrysts ( 0.1 to 4 mm in diameter) and microlites (0.05 mm) 
make up 1-4 percent of rock, set in a devitrified altered groundmass. Autoclastic lithic 
fragmetns are sparse. Phenocrysts include 1-2% quartz, 1 % sanidine, trace plagioclase,  
magnetitie, oxybiotite and zircon. Unconformable base (on tuffaceous rocks of Jalisco Ridge). 
10's to a few hundred m thick. Dated 23.6 +/- 0.6 Ma, K-Ar sanidine concentrate (R. Reesman, 
Geochron Laboratories, reported in Drewes, 1997). Geologic unit definition source: Drewes 
1997 1998 Arivaca Bartlett Mountain

Trj

Tuffaceous rocks, volcanic rocks of Jalisco Ridge
Tuffaceous rocks associated with intrusive and extrusive rhyolite in southwestern part of 
Arivica 7.5 minute quadrangle.
Described by Drewes [1997]: Airfall tuff and reworked fluvial tuffaceous sandstone and 
conglomerate. Mainly very lithg gray to very pale orange, locally grayish orange pink; 
moderatly to strongly indurated. Calsts mainly rhyolite, but locally include some Jurassic(?) 
granie and some andesite. Locally a few hundred meters thick in SW Arivaca quad, much 
thicker to the east in the main part of the volcanic field. Geologic unit definition source: 
Drewes 1997 1998 Arivaca Bartlett Mountain

Trt

Intrusive rhyolite of volcanic rocks of Jalisco Ridge
Plugs and domes, possibly vents for associated lava flows and tuff. Usually contain sparse 
crystals of sanidine, plagioclase and quartz.  Rock resembles rhyolite lava flows of Unit Trj,  
but may be slightly darker, has local intrusive contacts, is associated with erratically oriented 
flow foliation, or has closely space irretular fractur system filled with rhyolie or chalcedony. 
Geologic unit definition source: Drewes 1997 1998 Arivaca Bartlett Mountain

Trji

Hypabyssal rhyolite intrusions of the Cerro Colorado Mountains
Well developed flow banding present. Geologic unit definition source: Keith and theodore 
1975 Arivaca

Tri
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Porphyritic andesite of the Cerro Colorado Mountains

Light grey andesitic or dacitic rock, contains crystals of plagioclase 3-5 mm in diameter, 
hornblende and minor biotite.  Keith and Theodore description does not state if is intrusive or 
extrusive.  Rock is massive and features indicating extrusive origin were not noted in outcrops 
on SE side of body exposed on west side of Cerro Colorado Mountains. Geologic unit 
definition source: Keith and theodore 1975 Arivaca

Tap

Tuff and tuffaceous rocks Cerro Colorado Mountains
Ash flow tuff mapped by Keith and Theodore in Cerro Colorado Mountains; they correlate 
with tuff in the Jalisco Ridge area southeast of Arivaca.  Probably related to 
Tumacacori/Atascosa volcanic center.  Keith and Theodore describe main tuff as yellow and 
buff to earth brick red.  Partially collapsed pumice shards define a crude flow layering.  Based 
on map patterns, appears to be continuous to north with tuff of Batamote Hills and bedded tuff 
mapped by Ferguson et al., 2003 in Batamote Hills. Geologic unit definition source: SMR 
western Cerro Colorado compilation

Tdt

Welded crystal tuff of the Cerro Colorado Mountains
Buff, light gray, light pink gray dacitic lava flows or hypabyssal intrusive rocks that contain 
abundant crystals of plagioclase, hornblende, biotite, and minor pyroxene. Rock is generally 
massive, lacking obvious autobreccia, flow banding, or vesicles. Lithophysae locally present.  
A well developed basal vitrophyre is present in some areas.  Appears to overlie tuff and 
tuffaceous rocks Cerro Colorado Mountains, which probably represent pyroclastic apron 
deposits associated with domes and flows of this unit.  Called welded crystal tuff by Keith and 
Theodore (1975). Geologic unit definition source: SMR field observations 020306

Twt

Intrusive rhyolite of Alison Camp
Intrusive rhyolite that forms prominent bosses northwest of Baboquivari Peak and a complex 
dike network (mapped as dash-single-dot lines) in southeast part of quadrangle.  Many small 
dikes are not mapped. Light-gray to yellowish-gray, yellow-weathering rhyolite is sparsely to 
densely porphyritic, with phenocrysts of quartz, alkali feldspar, and, in most rocks, plagioclase 
and (or) altered biotite, in a microcrystalline to, less commonly, aplitic groundmass. Some of 
the rhyolite dikes have flow banding parallel to their margins.  On east side of Baboquivari 
Mountains, mapped dike network may include a few aplite and pegmatite dikes probably 
related to granite of Pavo Kug Wash (unit Jp). In a few places, for example at the head of 
Sycamore Canyon, rhyolite dikes apparently were intruded along pre-existing faults. Potassium-
argon (K-Ar; tosdal, unpub. data) isotopic age determination indicate that rhyolite of Allison 
Camp and rhydacite of Kohi Kug (unit Tk) both have ages in the range of 24 to 26 m.y.  These 
two units are similar also in aspect and composition, and are considered to be related.
Dikes in Arivaca area are correlated based on lithologic similarity and similar orientation 
(Haxel, pers. Comm. 2005). Geologic unit definition source: Haxel et al 1980 MF 1251

Tac

Helmet Peak fanglomerate
The Helmet Fanglomerate was defined by Cooper [1960], reference exposures along a south-
trending line between about UTM 493000E, 3535700N and UTM 493000E, 3531000N.  The 
width of the Helmet Fanglomerate normal to the average strike of bedding is about 4275 m. 
Using an average dip of 42° (based on 32 measurements), the thickness of the Helmet 
Fanglomerate is 2860 m (9385 ft.). The unit consists mostly of conglomerate, with some 
sandstone.  A porphyritic andesite lava flow (mapped as a member Thpa) and a thin tuffaceous 
sandstone form marker horizons within the unit.  In the southwestern part of the outcrop area 
massive monolithologic breccia lenses (unit Thx)  are present within the unit.  These appear to 
be associated with the trace of the San Xavier Detachment fault, and the map distribution of 
the andesite and tuffaceous markers suggests that they pinch out into the breccia zone.
The main conglomerate and sandstone part of the unit is generally massive to poorly bedded 
(10-100 cm beds), poorly consolidated conglomerate, pale gray, tan, reddish brown, and 
brown.  Clasts are generally matrix supported with sandy and silty matrix.  Clasts are generally 
subangular, 1-50 cm, locally to 1 m and rarely to 5 m, and consist primarily of underlying 
Mesozoic quartz-rich sandstone and Demetrie mafic volcanic rock, with locally abundant 
quartzite, quartz-rich felsite, gray limestone marble, tan dolostone marble, and medium to fine 
grained felsic granitoids, and rare rounded quartzite pebbles and cobbles that are likely 
recycled clasts.  Clasts look as if they could have been derived from local rock types.  Some 
conglomerate contains a high proportion of red, silt-rich matrix and could represent debris 
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flows.  Forms low, debris-covered hills, with sparse outcrop.
Tuffaceous sandstone forms en-meter-thick zone of friable sandstone, pale white to locally tan 
or light reddish tan, poorly consolidated medium-grained sandstone with 1-3% reflective 
biotite that looks fresh enough to date.  Beds are 1-5 cm thick. This unit crops out in the area 
Damon and Mauger [1964] collected a K-Ar sample of "tuff" (biotite K-Ar date of 28.6±2.6 
Ma from sample RM-01-64, [same as date #836 of Reynolds et al., 1986]), but tuff could be 
reworked and possibly contaminated by detrital biotite. Geologic unit definition source: 
Richard et al 2003 Twin Buttes

Porphyritic andesite member, Helmet Peak Fanglomerate
Porphyritic andesite with 30-45% plagioclase phenocrysts that are 5-25 mm diameter.  Rock is 
stained with iron oxides and crumbly.  Known regionally as “Turkey Track andesite” [e.g., 
Mielke, 1964]. Geologic unit definition source: Richard et al 2003 Twin Buttes

Thpa

Sedimentary breccia, Helmet Peak fanglomerate
Rock avalanche(?) or debris-flow breccias, locally monolithic, but commonly derived from 
mixed rock types. 
Paleozoic-rock clast facies breccia contains blocks and clasts of medium to dark gray limestone 
with numerous white calcite veinlets (Colina?) and medium-grained quartz-rich sandstone 
(Scherrer?) that is brecciated and silicified.  In low relief area breccia outcrops as string of 
boulders protruding above rubble of conglomerate cobbles and soil.
Angelica-arkose-clast facies in the north is pervasively fractured to brecciated, indurate fine-
grained to very fine-grained sandstone with abundant opaque minerals << 1 mm diameter.  
Bedding generally not preserved because of brecciation and alteration, and breccia is clast 
supported.  Breccia was derived from quartz-rich sandstone that is too well sorted and too poor 
in mafics to be Tertiary sandstone.   At one location a solid mass of KJs (not brecciated) is 
exposed over a 5 x 10 m outcrop.
In some areas the clast-type can not be identified confidently because of alteration. Local 
alteration includes pervasive iron-oxide  staining, bleaching, and probable epidote and clay 
alteration of mafic minerals(?) and feldspar.  Some zones of  breccia are strongly indurated, 
cemented by silica and iron oxide, and form some resistant 5 meter blocks in rubble derived 
from breccia.  Some iron-oxide alteration is younger than brecciation. Geologic unit definition 
source: Richard et al 2003 Twin Buttes

Thx

Andesitic rocks of the Mission Mine Complex
Massive andesite lava flows that crop out along the northern side of the Mission-Pima open pit 
mine. Geologic unit definition source: Richard et al 2003 Twin Buttes

Tam

Granodiorite of San Juan Spring
Small intrusions and unmapped dikes of gray and gray-green, fine- to medium-grained, 
equigranular to porphyritic hornblende and biotite-hornblende granodiorite and monzogranite 
(plutonic rock classification of Streckeisen, 1976) characterized by needles or laths of 
hornblende 2 to 5 mm long. These intrusions, though very sparsely scattered throughout the 
quadrangle, appear to be most common in the area south of San Juan Spring and in the vicinity 
of Contreras and Sabino Canyons. Only largest intrusions are mapped. Geologic unit definition 
source: Haxel et al 1980 MF 1251

Tm

Middle Tertiary or Laramide tuffaceous rocks
Dacitic or andesitic tuff, light gray, brownish gray or greenish gray tuff, tuff breccia, and 
tuffaceous sandstone and conglomerate, consisting of seveal thick sheets, intercaled in dacitic 
rocks of Silver Hill north of Jalisco Ridge. Description from Drewes, 1997; extension of unit 
into Murphy Peak quadrangle largely based on ASTER image interpretation by SMR. Geologic 
unit definition source: SMR 020706 Rock unit edits

TMzt

Rhyodacite of Kohi Kug
Gray, tan, maroon, and red, yellowish-or reddish-weathering, porphyritic, locally amygdaloidal 
rhyodacite and rhyolite tuff, welded tuff, tuff breccia, and subordinate flows, with minor 
interbedded conglomerate. Phenocrysts are plagioclase, biotite, and, less commonly, sanidine, 
hornblende, or clinopyroxene.  Unconformably overlies conglomerate (unit Tc) (Fair, 1965) 
and andesitic and dacitic flows and intrusions (unit Ta), and is intruded by rhyolite of Allison 
Camp (unit Tac). Unit also includes two small areas, west and southwest of Gu Chuapo, of 
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maroon to gray dacitic flows. Geologic unit definition source: Haxel et al 1980 MF 1251

Rhyodacite porphyry of Tinaja Spring
Medium-bluish- or purplish-gray, finely and densely porphyritic to locally equigranular, 
intrusive rhyodacite porphyry with phenocrysts of plagioclase, quart, potassium feldspar, and, 
in some rocks, biotite and (or) magnetite, in finely crystalline groundmass.  Less common 
variety is light-gray porphyritic aplogranite. Over much of outcrop area, and especially near 
contacts with country rocks, unit is iron-oxide-stained and weathers light orangish or brownish 
red. In some areas rock is in part silicified, sericitically altered, and (or) highly fractured.  Rock 
is locally foliated near contacts. Scattered small, unmapped intrusions occur in vicinity of 
mapped bodies.  Beikman et al., [1995] lumped this unit with other peraluminous granitoids 
(granite of Presumido Peak, granite of Gu Chuapo, granite of Sierra Blanca), but description 
on Haxel et al., [1980] does not suggest this correlation. Name proposed for this body by SMR. 
Geologic unit definition source: Beikman et al 1995 Baboquivari Mtns area

Tts

Volcanic rocks of Escondido Wash
Dacite lava underlain by andesite lava along Escondido Wash in the southeastern Sierrita 
Mountains. Dacitic lava contains 20-30%, 0.3-2.0 mm, euhedral, zoned plagioclase, and 5-7%, 
0.2-2mm subhedral to euhedral clinopyroxene. Exposed only in one small area south of Tinaja 
Peak.  Matrix is typically vitric and very dark, and the lava is massive, displaying only rare 
zones of autobreccia. Andesite lava contains 20-30%, 0.3-2.0 mm, euhedral, zoned plagioclase, 
and 5-7%, 0.2-2 mm subhedral to euhedral clinopyroxene, plus sparse yet conspicuous large 
phenocrysts (xenocrysts?) of plagioclase (<6 mm) and olivine (2-5 mm).  Matrix is typically 
microcrystalline and crumbly.  One chemical analysis reported by Spencer et al., [2003] 
indicates that this unit is an andesite. Geologic unit definition source: Spencer et al 2003 
Esperanza Mill

Tdf

Volcanic rocks of Tres Bellotas Canyon
Southern San Luis Mountains. Inlcudes  basaltic andesite lava flow, dacitic vent breccia,  latite 
lava flow, and basalt lava flow. Small volume lava flows nterbedded in basin fill of Tres 
Bellotas Canyon, south of the San Luis Mountains, and lapping on to pre-Tertiary bedrock 
along northern margin of basin. 
Basaltic andesite lava flow is brownish-gray, slabby- to blocky-weathering, aphanitic to 
subvitric, with a medium-dark-gray basal vitrophyre as much as 3 m thick. Rock is porphyritic, 
with 8-20% 1-3 mm long phenocrysts  in a pilotaxitic groundms that has devitrification 
structures and is strongly alterd to clay minral and iron oxides. Some rocks contain lithic 
fragments.  Phenocrysts included sodium labradorite (6-15%), hornblende or oxyhornblende (1-
2 %), biotite or oxybiotite (1-4%), clinopyroxene (trace to 2 %), in some rocks hypersthene 
(2%), and trace magnetite and apatite. Biotite concentrate dataed at 24.3 +/- 0.9 Ma by K-Ar 
(richard Reesman, Geochron Laboratories, reported in Drewes, 1998).
Dacitic vent breccia is light medium-gray, finely porphyritic dacitic rock containing inclusion 
of Jurassic or Proterozoic granitoid and Jurassic rhyolite as much as 20 m in diamters. Occurs 
in sub-circular outcrop interprete dto represent a volcanic vent. A halo of strongly sausseritized 
rocks 0.3-0.5 km wide surrounds the vent. The breccia matrix is porphyritic, with 25-35% 
phenocrysts in a cryptocrystalline granular groundmass.  Phenocrysts include albitized 
plagioclase (12-18%), chloritized biotite (2-5%), uralitized amphibole (2-10%), and trace 
magnetie and apatite. Secondary quartz fills vugs.
Latite lava flow is light brownish-gray porphyritic rock with 25-35% phenocrysts up to 4 mm 
long in a pilotaxitic grounmass containg relict possible devitrified glass. Phenocrysts include 
calcium labradorite (5-27%), hornblende or oxyhornblende (3-5%), biotite or oxybiotite (2-
4%), trace ortho- or clino-pyroxene (possibly xenocrystic), magnetite, apatite, and zircon.
Basalt lava crops out adjacent to fault in south-central part of basin. Rock is miedume-dark-
gray, platy- to blocky- weathering, aphanitic lava flow and some scoria.  Some stretched 
vesicles are present.  Rock is sparsely pophyritic with 1-2% phenocrysts in a pilotaxitic and 
interstitial or vitric groundmass.  Phenocrysts include plagioclase, clinopyroxene, hypersthene, 
magnetie and rarely, apatite. Geologic unit definition source: Drewes 1997 1998 Arivaca 
Bartlett Mountain
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Andesite of Tinaja Hills

Oligocene to Miocene andesitic lava flows in southeastern Sierrita Mountains. Crystal-poor 
mafic lava flows of probable andesite to basaltic traychyandesite composition preserved in 
amalgamated flows with massive flow interiors and abundant flow-breccia.  Reddish 
weathering scoriaceous zones locally mark flow contacts.  Rarely contains volcanic-lithic 
sandstone beds up to 3 m thick between flow breccias.  Generally contains 0.5-2%, <1 mm 
plagioclase phenocrysts.  Locally contains up to 5% small plagioclase phenocrysts.  
Microcrystalline matrix is commonly strongly devitrified, with a blotchy, micro-amygdaloidal 
texture. Geologic unit definition source: Spencer et al 2003 Esperanza Mill

Tat

Dacite of Batamote Hills
Dacitic lava containing 10-15% 0.5-3 mm, euhedral, zoned plagioclase and 1-2% 0.5-2 mm 
euhedral hornblende and biotite phenocrysts.  To the east, the lava contains 1-5% finely 
crystalline matrix, irregular clots up to 30 cm with <5% 1-2.5 mm zoned plagioclase and 
sparse <0.5 mm opaques.  Mafic phenocrysts in this lava are commonly strongly altered to 
opaque psuedomorphs.  Unaltered mafics are present only in the basal vitric autobreccia.  Two 
analyses of this lava show it to be slightly more alkaline and mafic than other dacite lavas in 
the area, lying along the tie between the trachyte and trachyandesite fields of Le Bas et al., 
(1986) (0-200 m thick).  Rock is similar to dacitic rocks that form much of Cerro Colorado 
Mountains and Penitas Hills. Geologic unit definition source: Ferguson et al 2003 and Johnson 
et al 2003

Tdb

Andesitic rocks of Sycamore Canyon
Units Ta and Taf of Haxel et al., MF 1251; Unit Ta is described as: Dark-purple, maroon, and 
gray andesitic and (or) dacitic volcanic flows, flow breccia, tuff, and dikes and other small 
intrusions including intrusive breccia; locally with basal conglomerate and sedimentary breccia 
that rest nonconfomably on and contain clasts of perthite granite of Baboquivari Peak (unit Jb). 
Possibly correlative (Fair, 1965) with conglomerate and andesite flows. The andesite flow unit 
occurs about 3 km to the north, interbedded in conglomerate (unit Tc of Haxel et al., MF1251), 
and is described simply as 'Brown andesite flows'.  Map pattern suggests that Alison Camp 
rhyolite intrudes the andesite, and rhyolite of Kohi Kug overlies the andesite. Name invented 
by SMR. Geologic unit definition source: Haxel et al 1980 MF 1251

Taf

Dacitic rocks of Tinaja Peak
Unit includes hornblende dacite of Tinaja Peak, lower dacite of Tinaja Peak, and thin lense of 
conglomerate and breccia, mapped by Spencer et al., [2003].  Most of unit  consists of massive 
and flow banded, generally devitrified hornblende dacite lava flows and/or shallow intrusions.  
Variations in resistance to weathering define 2-20 cm thick layers that are inferred to reflect 
igneous flow foliation and variations in degree of devitrification.  This banding is irregular on 
scale of several to several tens of meters.  Rock contains approximately 2-5%, 0.5-3 mm 
hornblende that is locally up to 8 mm, and ≤1%, <1 mm biotite. 
The lower dacite consists of dacitic lava containing approximately 20%, 1-3.5 mm subhedral 
to euhedral, rounded, strongly zoned plagioclase, 3-5%, 0.5-3.0 mm hornblende, and traces of 
2 mm subhedral to euhedral clinopyroxene, <1 mm biotite, and <0.3 mm opaque phenocrysts.  
Matrix is typically gray to orange-brown and crystalline.  A well-developed vitric autobreccia 
occurs at the base, but the carapace autobreccia is mostly absent.  Exposed only on the east 
side of Tinaja Peak.
At the base of the sequence is a thin conglomerate and volcanic breccia unit, consisting of 
coarse-grained clast to matrix-supported, generally massive conglomerate with a light-colored 
pumiceous, sandy volcaniclastic matrix.  Typically contains 5-40% clasts of the lower dacite of 
Escondido Wash (map unit Tdf), 30-90% clasts of the lower dacite of Tinaja Peak, and 10-
30% clasts of Mesozoic volcanic rocks.  Exposed only on the east side of Tinaja Peak.  This 
basal  unit mostly underlies the lower dacite of Tinaja Peak, but appears to overlap the lava 
along its eastern margin. Geologic unit definition source: Ferguson et al 2003 and Johnson et al 
2003

Tdh

Granitic rocks of San Luis Wash (Tertiary), quartz diorite phase
Small  intrusion with two mapped phase, in western San Luis Mountains, SW of Arivaca.  
Riggs and Haxel call 'diorite or Sulfrido'; use older name applied by Kieth and Theodore 1975. 
Geologic unit definition source: Haxel 1987-89 Arivaca Area mapping
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Granitic rocks of San Luis Wash, quartz monzonite phase

Small intrusion with two mapped phase, in western San Luis  Mountains, SW of Arivaca.  
Riggs and Haxel (1990) call 'diorite of Sulfrido'; use older name applied by Kieth and 
Theodore (1975). Geologic unit definition source: Haxel unpublished and Keith Theodore 1975

Tqsl

Basalt of Fresnal Hill
Dark-gray, vesicular to dense, sparsely porphyritic basalt flows.  Small outcrop area around 
Fresnal Hill  on west side of central Baboquivari Mountains. Geologic unit definition source: 
Haxel et al 1980 MF 1251

Tbfh

Granite of Presumido Peak
Medium-gray to white, typically medium grained, unfoliated to strongly foliated, leucocratic 
monzogranite, consisting of two phases. Older phase is rusty-red- or reddish –brown-
weathering biotite monzogranite with rare muscovite and (or) garnet.  Younger phase is white-
weathering, highly leucocratic monzogranite containing various combinations of muscovite, 
biotite, and garnet; garnet-muscovite monzogranite is most common.  Younger phase in some 
places grades into pegmatite, and dikes of muscovite or biotite-muscovite pegmatite, locally 
with garnet, commonly intrude one or both phases. Granite postmetamorphically intrudes 
quartzofeldspathic schist and phyllite and quart-epidote granofels (unit Jcs) and metarhyolite 
(unite Jcr) along contact and as swarm of northwest-trending, unfoliated dikes, the thicker and 
more continuous of which are mapped as long-dash-double-dot lines.  Dikes are medium-gray 
to white feldspar-biotite and feldspar-quartz rhyodacite to, less commonly, monzogranite 
porphyry and, uncommonly, garnet aplite, fine-grained two-mica granite, or pegmatite.  In area 
between crest of Baboquivari Mountains east of Sapano Vaya and north-flowing part of Los 
Encinos Wash, granite contains unmapped inclusions of metarhyolite (unit Jcr).  Southwest of 
gradational boundary extending from Sierra Vista Ranch to Presumido Pass to Sapano Vaya, 
both phases of granite have pervasive mylonitic to blastomylonitic foliation and lineation 
(Davis, 1980); northeast of this boundary granite is only locally foliated and lineated. Granite 
is considered to be of early Tertiary age because of field, petrographic, and compositional 
similarity to 58-m.y.-old (Wright and Haxel, 1982) Pan Tak Granite of Coyote Mountains 
(Haxel and others, 1980b). Geologic unit definition source: Haxel et al 1982 MF 1378

Tpp

Sierrita Granite, Laramide
Lacey (1959) first used the name Sierrita Granite in reference to all of the granitic rocks 
exposed west of the Pima and Twin Buttes mines, located to the east in the adjoining Twin 
Buttes quadrangle (Richard et al., 2003).  Cooper (1973) reassigned many of these rocks to 
other units and retained the name Sierrita Granite for a distinctive suite of leucocratic granite.  
Rocks in the western Sierrita Mountains mapped as quartz monzonite of the Sierrita 
Mountains  by Drewes and Cooper (1975) have been included  in a different unit.
Leucocratic, medium- to coarse-grained, equigranular syenogranite with 1-5% mafic minerals 
(fine-grained biotite aggregates, variably altered to white mica and hematite).  A fine-grained 
to aplitic leucogranite phase  is commonly present along contacts with host rocks.  Locally, this 
phase contains 1-5% round quartz phenocrysts (2-5 mm).  Contacts between the medium- to 
coarse-grained and fine-grained leucogranites are sharp to gradational.  Where contacts are 
sharp, the fine-grained phase intrudes the medium- to coarse-grained granite.  A transitional 
phase, characterized by 10-30% medium- to coarse-grained quartz and feldspar phenocrysts in 
a fine- to medium-grained groundmass, is common south of Fresnal Canyon. The largest 
pluton of Sierrita Granite, exposed at Samaniego Peak, intrudes the Ruby Star Granodiorite 
and the Harris Ranch Monzonite.  A lobe of this pluton southwest of Fresnal Canyon also 
intrudes quartzose sandstone of upper Ash Creek and Ox Frame rhyolite (Jor).  
Contacts with the Harris Ranch Monzonite commonly display quartz-sericite or argillic 
alteration and minor faults.  In some areas, notably west of the Sierrita-Esperanza mine, 
contacts between dikes and small stocks of the Sierrita Granite and the Harris Ranch 
Monzonite are obscured by intense hydrothermal alteration (quartz-sericite-jarosite-iron oxide). 
Along the intrusive contact with the Ruby Star Granodiorite south of Fresnal Canyon, the 
medium- to coarse-grained Sierrita Granite is slightly enriched in biotite (10%) and is 
fractured.  The contact is distinct but not chilled, suggesting that the Ruby Star was warm 
when the Sierrita Granite was emplaced.  Both units are cut by aplite dikes of the fine-grained 
phase of the Sierrita Granite that locally grade into the medium- to coarse-grained leucogranite 
main phase.  Along the contact northeast of Samaniego Peak, dikes of medium- to coarse-
grained Sierrita Granite also cut the Ruby Star Granodiorite.  These relationships suggest that 
the Sierrita Granite is younger, though perhaps not much younger, than the Ruby Star 
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Granodiorite, which has been dated at 64.3 + 0.4 Ma by U-Pb zircon method (Herrmann, 
2001).  Previously, the Sierrita Granite was thought to be much older.  Cooper (1973) assigned 
a Late Jurassic age to the granite based on a Pb-alpha date of 150 Ma from near Samaniego 
Peak (T.W. Stern, unpublished data, 1965).  Similar dates were obtained south and west of the 
map area by different methods.  A small, altered stock in the Batamote Hills quadrangle to the 
south was dated by the Rb-Sr method at 137 + 14 Ma (Damon, 1966).  A K-Ar biotite date of 
145 + 5 Ma (R.F. Marvin et al., unpublished data, 1973) was reported from the Palo Alto 
Ranch quadrangle to the west by Drewes and Cooper (1973).  Younger dates from the 
Samaniego Peak area, including a Rb-Sr date of 67.5 + 6.0 Ma (Damon, 1965) and a K-Ar 
biotite date of 56.4 + 3.0 Ma (Marvin et al., 1973), were previously dismissed as having been 
affected by isotopic resetting. Geologic unit definition source: Ferguson et al 2003 and Johnson 
et al 2003

Laramide or Jurassic granite of Sierrita Mountains
Rocks mapped as quartz monzonite of Sierrita Mountains or monzonite of Harris Ranch by 
Drewes and Cooper [1973] and as Tertiary Sierrita Granite by Johnson et al., [2003] or 
Ferguson et al. [2003]. U-Pb date of 166 Ma is reported from Sierrita granite (W. Stavist, pers 
comm, 2003), but body mapped as Sierrita Granite in Samaniego Peak quad (Johnson et al. 
2003)  intrudes Ruby Star granodiorite, which is late Cretaceous.  The plutonic geology in this 
are needs more study. Geologic unit definition source: SMR 020706 Rock unit edits

TJg

Granite of Gu Chuapo
Texturally heterogeneous variably foliated biotite monzogranite, rarely with muscovit or 
garnet.  Gray, typically tan- or orangish-brown- weathering, medium-grained, texturally 
heterogeneous, strongly to weakly foliated biotite monzogranite, rarely with muscovite or 
garnet.  Where most strongly foliated, grades into biotite gneiss. In southern part of stock and 
in southeast- trending tongue west of San Juan Pass, monzogranite grades into, and unit 
consists chiefly of, gray to greenish-gray, fine- grained, biotite monzogranite porphyry.  
Monzogranite and monzogranite porphyry of the older phase are intruded by a younger phase 
consisting of rare dikes and small irregular intrusion of white, leucocratic garnet- biotite and 
garnet- muscovite- biotite monzogranite, and along east side of stock, by a swarm (stippled 
area on map) of pedmatite dikes that are typically subvertical but locally are gently or 
moderately dipping.  Biotite- rich granite is locally present. Southern part of stock probably 
contains unmapped inclusions of rhyodacite (unit Jar) of Ali Molina Formation.  In an area on 
west side of lower Pavo Kug Wash about 1 km southeast of the Tucson- Ajo highway, 
monzogranite is altered to biotite-tourmaline granite and contains veins of muscovite rock. 
Geologic unit definition source: Haxel et al 1980 MF 1251

Tggc

Granitic rocks of Canoa Ranch
Granitic rocks that intrude Jurassic supracrustal rocks along the Mexican border in the 
southwestern San Luis Mountains.  Haxel (unpublished) called Tg, interpret as Wilderness/Pan 
Tak like late laramide leucogranite; intruded by numerous dikes. Intimately injected in Jurassic 
metavolcanic rocks to form mixed rock complex (TJgv). Geologic unit definition source: Haxel 
1987-89 Arivaca Area mapping

TKgc

Mixed Jurassic rocks and granitic rocks of Canoa Ranch
Haxel unit Jp mixed with granitic rock of Canoa Ranch. Geologic unit definition source: Haxel 
1987-89 Arivaca Area mapping

TJgp

Mixed Jurassic metavolcanic rocks and granitic rocks of Canoa Ranch
Jurassic metavolcanic rocks injected by dikes and small irregular bodies of granitic rocks of 
Canoa Ranch too numerous to map separately. Geologic unit definition source: Haxel 1987-89 
Arivaca Area mapping

TJgv

Pan Tak granite
Peraluminous granitoid in Coyote Mountains. Light-gray to white, medium-grained to 
pegmatitic, locally fine-grained monzogranite consisting of two phases, which are subequal in 
abundance. Older phase is reddish-weathering, leucocratic biotite or muscovite (that is, white 
mica) - biotite monzogranite with or without garnet. This is intruded by younger phase of 
white to pinkish- or orangish-gray weathering, highly leucocratic garnet-muscovite or garnet- 
biotite monzogranite and muscovite- bearing, mica- free, or biotite- bearing pegmatite with or 
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without garnet. Pegmatite both intrudes and grades into young- phase monzogranite. Old phase 
and country rocks of granite Pan Tak commonly have a moderately southwest- dipping 
crystalloblastic foliation (Wargo and Kurtz, 1956), which is often accompanied by a 
subordinate southwest- to west- plunging lineation; only very locally is this fabric weakly 
developed in the young phase. This fabric is considered to be a manifestation of the Late 
Cretaceous and early Tertiary regional metamorphic episode part of map indicates area of 
gently to moderately east- dipping pegmatite dikes. Unit intrudes calc- silicate schist (unit 
Pzc), biotite gneiss (unit Jtrg), granodiorite and monzogranite of Kitt Peak (unit jk), and 
granite of Pavo Kug Wash (unit Jp). Inferred u-pb isotopic age of granite of Pan Tak is 
approximately 58 m.y. (Wright and Haxel, 1980). In northeast corner of quadrangle, unit 
contains a few unmapped inclusions of distinctive, dark- gray to black hornblende- 
megacrystic diorite and augite hornblendite; these rocks are related to diorite of Nawt Vaya, of 
probable Jurassic age, which crops out farther north and northeast in Coyote Mountains 
(Tosdal and Haxel, unpub. geologic mapping, 1980). Body of unite tpt west of Uhs Kug fault 
is gray, fine- grained biotite and muscovite- biotite aplogranite. (Village of Pan Tak is 5.5 km 
due north of Uhs Kug).

Includes numerous unmapped  inclusions of biotite gneiss, consisting of light- to dark-gray, 
orangish-weathering, fine-grained biotite and epidote-biotite gneiss and, less commonly, schist, 
both derived from and locally grading into biotite granite. Unit may also include some 
paragneiss (Wargo, 1954).  Gneiss is commonly poorly layered but locally consists of 
alternating highly leucocratic and biotite-rich layers. Geologic unit definition source: Haxel et 
al 1980 MF 1251

Gunsight granitoid suite
Heterogeneous granitoid rocks and schist intruded by pegmatite and aplite
(Tertiary – Proterozoic?) – A heterogeneous granitoid suite dominated by fine- to medium-
grained quartz monzodiorite, monzodiorite, quartz diorite, and granodiorite containing 15-40% 
mafic minerals. The mafic minerals (biotite, subordinate hornblende, and traces of sphene) 
commonly form fine-grained aggregates up to 1cm across that are partly replaced by chlorite 
and epidote. Foliated inclusions of fine-grained diorite, amphibolite, and mafic schist are 
common, especially north of Gunsight Mountain. Amphibolite and mafic to quartzofeldspathic 
schist north of Gunsight Mountain have indistinct contacts with the granitoid rocks and appear 
to have been derived from mixed plutonic and sedimentary protoliths. In the Soto Peak area, 
the granitoid rocks intrude fine-grained feldspathic sandstone of unit ¾s. All of these rocks are 
intruded by up to 30% pegmatite and aplitic leucogranite dikes, which are Paleocene in age as 
they also intrude the Ruby Star Granodiorite.
The Gunsight granitoid suite is deformed by a heterogeneous, NNW-striking, steeply to 
moderately WSW-dipping foliation and a weak to moderate downdip mineral lineation. The 
foliation is subparallel to the margins of a tabular, 2-km long screen of Mesozoci  sandstone 
(JTs), and to bedding in the sandstone. The sandstone generally is not foliated, implying that it 
was relatively stiff when the foliation formed in the granitoid rocks. West of the map area in 
the adjoining Palo Alto Ranch quadrangle, Drewes and Cooper (1973) mapped part of a fold-
and-thrust belt characterized by narrow, NNW-striking fault slivers of Proterozoic to Lower 
Cretaceous rocks with steeply dipping foliation and bedding. Because of the similarity in 
structural style, the fabric in the Gunsight granitoid suite is probably related to Cretaceous to 
Paleocene (Laramide) thrusting.
The Gunsight granitoid suite is probably a Laramide suite of Late Cretaceous to Paleocene age. 
Cooper (1973) assigned a Proterozoic age to these rocks and some of the schist north of 
Gunsight Mountain may be as old as Proterozoic. However, the predominant granitoid rocks of 
the suite intrude Mesozoic  feldspathic sandstone of unit JTs that is probably Mesozoic. Our 
observations suggest that the composition of the granitoid rocks is between those of units TKd 
and Tgd and they may be genetically related to either, or both of, these units. Geologic unit 
definition source: Ferguson et al 2003 and Johnson et al 2003

TXgr

Biotite granite phase, Ruby Star granodiorite
Generally homogranular, medium-grained granitoid that contains 3-7% biotite in 2-5 mm 
diameter flakes, and locally abundant aplite and pegmatite dikes.  The rock is porphyritic in a 
few areas, and 2-4 cm K-feldspar phenocrysts are occasionally observed.  Poor outcrop on 
pediment makes mapping of various gradational phases impractical.  Distinguished from YXg 
granitoids by presence of biotite in flakes as opposed to very fine-grain felty masses 
(characteristic of YXg), and the greater abundance of aplite in the Ruby Star granitoid.  In 
areas where alteration obscures biotite crystal form, the mafic content of the rock was a criteria 
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for distinguishing the two types, with the Ruby Star granodiorite generally having <8% mafic 
minerals and the Proterozoic granitoids having more.  The reliability of this criterion is 
uncertain. Geologic unit definition source: Richard et al 2003 Twin Buttes

Pegmatite and aplite- rich zone, Ruby Star granodiorite
Megacrystic to transitional monzogranite to granodiorite, similar to unit Tgx, intruded by 5-
15% pegmatite and aplitic leucogranite dikes.  
Near the contact with unit Tgd in the northeast corner of the Samaniego Peak quadrangle, the 
megacrystic component is heterogeneously foliated and contains foliated enclaves of medium-
grained Tgd granodiorite and sparse, fine-grained mafic xenoliths.  Biotite is evenly dispersed 
where the rock is not foliated but forms aggregates in foliated zones.  The pegmatite and aplite 
dikes are generally not foliated.
In the northwestern part of the quadrangle near Soto Peak, potassium feldspar megacrysts are 
most abundant near pegmatite dikes and look identical to the feldspar in the pegmatite.  The 
pegmatite and aplite dike swarms are therefore interpreted as late-stage differentiates of the 
megacrystic monzogranite. Geologic unit definition source: Ferguson et al 2003 and Johnson et 
al 2003

Tgp

Megacrystic granitoid phase, Ruby Star Granodiorite
Samaniego Peak quadrangle: Megacrystic monzogranite to granodiorite, medium- to coarse-
grained, with 5-25% potassium feldspar megacrysts 1-5 cm long and 10-15% medium-grained, 
euhedral biotite.  A transitional phase is medium-grained with up to 20% coarse-grained (1 
cm) potassium feldspar and up to 2% megacrysts 1-4 cm long.  The megacrystic phase is called 
the Ruby Star Quartz Monzonite Porphyry at the Sierrita-Esperanza mine (West and Aiken, 
1982).  A concordant U-Pb zircon age of 63.4 + 0.3 Ma was reported by Hermann (2001) from 
the Esperanza pit, just beyond the southeast corner of this map area in the Batamote Hills 
quadrangle. Geologic unit definition source: Ferguson et al 2003 and Johnson et al 2003

Tgx

Granodiorite phase, Ruby Star granodiorite
Granodiorite, light gray, medium-grained, equigranular, with 10-20% euhedral biotite and up 
to 2% sphene.  Includes transitional-phase granodiorite to monzogranite, medium-grained with 
up to 20% coarse-grained (1 cm) potassium feldspar and up to 2% potassium feldspar 
megacrysts 1-4 cm long.  In the northeastern part of the Samaniego Peak quadrangle, medium-
grained granodiorite of Tgd contains 20-25% biotite, 2-5% hornblende, 1-2% sphene, and fine-
grained mafic xenoliths.  This granodiorite is weakly foliated and is intruded by medium- to 
coarse-grained monzogranite of the transitional phase (mapped as Tgp).  Granodiorite south of 
Fresnal Canyon is locally fine-grained near contacts with diorite of unit Td and sandstone of 
unit Js.  Fine- to medium-grained, white granodiorite or tonalite, containing 5-15% biotite and 
hornblende also occurs locally in the Fresnal Canyon area.  This leucocratic phase apparently 
forms dikes that intrude the medium-grained, equigranular granodiorite, but contacts between 
the two phases have not been observed.  Herrmann (2001) obtained a concordant U-Pb zircon 
date of 64.3 + 0.4 Ma from the equigranular granodiorite at the Ocotillo pit, in the southwest 
corner of the Twin Buttes quadrangle.
In western part of Sierrita Mountains: light ot pale brownish gray, medium-grained biotite 
granodiorte; includes granodiorite porpthyr and quartz monzonite (Drewes and Cooper, 1973). 
Geologic unit definition source: Ferguson et al 2003 and Johnson et al 2003

Tgd

Tertiary and Jurassic porphyritic rhyolite
Intricately lineterlayered midddle Tertiary dikes of Bartlet Mountain swarm lit-par-lit injected 
into similar appearing intrusive or extrusive porphyritic rhyolite of Cobre Ridge tuff suite.  
Correlated by G. B. Haxel with Alison Camp Rhyolite of Baboquivari Mountains. Geologic 
unit definition source: Drewes 1997 1998 Arivaca Bartlett Mountain

TJci

Contact metamorphosed and altered Paleozoic and Mesozoic strata
Heterogeneous calsilicate hornfels, marble, siliceous horfels and garnet or garnet-diopside 
skarn.  Protolith interpreted to include Abrigo Formation through Rodolfo Formation; 
alteration mostly too extreme to interpret in detail. Geologic unit definition source: Richard et 
al 2003 Twin Buttes

TKk
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Skarn derived from Concha and Rainvalley formations

Mostly massive light-colored calcareous marble, with zone of calcsilicate skarn and dolomitic 
marble.  Calcsilicate skarn lenses interpreted as hydrothermal replacements,  structurally 
interleaved siliciclastic units (Scherrer?, Mesozoic clastic rocks?) or interbedded sandstone 
units (in Rainvalley Formation). Geologic unit definition source: Richard et al 2003 Twin 
Buttes

TKkc

Skarn derived from Scherrer Formation
Siliceous and calcsilicate skarn interpreted to be derived from Scherrer Formation. Magnesian 
calcsilicate skarns interpreted to be related to dolostone interbedded in Scherrer or structurally 
interleaved Epitaph Formation. Includes some structurally interleaved marble interpreted to be 
derived from Concha and Rainvalley formations. Geologic unit definition source: Richard et al 
2003 Twin Buttes

TKks

Skarn derived from Epitaph Formation
Includes calcsilicate hornfels, massive anhydrite, and dark gray or locally dark and light 
banded calcareous marble, on west side of Mission-Pima pit. Protolith of calcareous marble 
units is  problematic; these have been interpreted as derived from Concha Limestone in the 
past, but association with calcsilicate skarns and distribution of interpreted protoliths across 
the Mission-Pima comples and into the Mineral Hill are to the west suggests that the protolith 
for these dark marbles and banded marbles may be a lower carbonate member of the Epitaph 
formation, similar to the lower member exposed in the Empire Mountains (Spencer et al., The 
Narrows quad, AZGS DGM 10). Geologic unit definition source: Richard et al 2003 Twin 
Buttes

TKke

Skarn derived from Earp Formation
Siliceous and calc silicate skarn interpreted to be derived mostly from the Earp Formation. 
Geologic unit definition source: Richard et al 2003 Twin Buttes

TKkp

Biotite diorite of Sierrita Mine
Fine-grained biotitie diorite forms series of small intrusive bodies along west side of Sierrita 
Mine complex. Geologic unit definition source: Spencer et al 2003 Esperanza Mill

TKds

Hypabyssal porphyry
Intrusive hypabyssal porphyry in the vicinity of porphyry copper deposits at the Mission 
Complex, Twin Buttes mine, and Sierrita Mine. Typically very fine-grained to aphanitic 
groundmass with 5-35% phenocrysts 2-5 mm in diameter of plagioclase, potassium feldspar, 
quartz, and biotite. Ubiquitously altered with weak to intense  silicification, potassium 
metasomatism, or sericitization, and moderate to intense fracturing.  Dates range 60- 65 Ma. 
Geologic unit definition source: Richard et al 2003 Twin Buttes

TKp

Helmet Peak tuff
Llight colored quartz-feldspar-biotite phyric slightly lithic, poorly welded tuff.  Ar-Ar date 
from sanidine 59.0 +/- 0.3, W. McIntosh, written communitcation. Geologic unit definition 
source: Richard et al 2003 Twin Buttes

TKh

Dacitic rocks of Champurrado Wash
Light to medium gray or light -yellow gray slightly altered dacitic tuff breccia; some 
intercalated sandstone and conglomerate derived from dacitic volcanic rocks (Drewes and 
Cooper, 1973).  Overlain by Red Boy Rhyolite (Krb) to east; inclusions of dacitic rock in Red 
Boy at contact, 1-5 m topographic relief on contact (SMR, GBH, CAF field observations, 
020306).  Rock contains abunant 1-2 mm white plagioclase crystals in a fine-grained medium 
gray groundmass. Much of rock is massive with scattered lithic fragments; plagioclase crystals 
tend to be aligned. Locally fragmental, with clasts of nearly identical dacitic rock in a dactic 
matrix. Reworked beds or air-fall tephra beds have well defined bedding. Lithologically similar 
to tuff of San Juan Wash, on strike beneath Red Boy tuff, but relationship between units is 
uncertain. Geologic unit definition source: SMR field observations 020306
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Porphyritic andesite to dacite of Silver Hill

Intrusive dacite, dacite porphyry, subordinate granodirotie or diorite in western Cerro Colorado 
area. Geologic unit definition source: SMR western Cerro Colorado compilation

TKad

Intermediate volcanic rocks of the Colorado Clark Mine
Andesitic to dacitic lava flows, fragmental rocks, hypabyssal intrusive rocks, and minor tuff or 
tuffaceous sedimentary rock in the western Cerro Colorado Mountains and Jalisco Ridge, of 
probable  Laramide age based on similarity to  rocks that underlie the Red Boy Tuff in the SW 
Sierrita Mountains.  Mapped as Mza by Theodore (MF 678), and as Tv and Kiv by Haxel 
(unpublished mapping included in compilation).  Lithologically similar to Demetrie volcanics 
of Sierrita Mountains. Interpreted to depositionally overlie Jurassic Cobre Ridge tuff and 
Jurassic granitoid (west of Jalisco Ridge). Geologic unit definition source: SMR western Cerro 
Colorado compilation

TMza

Red Boy rhyolite
Rhyolite ash-flow tuff containing between 15-30% phenocrysts of plagioclase (0.5-1.5 mm), 
quartz (1-4 mm), and potassium feldspar (1-3 mm) in roughly subequal proportions.  In some 
areas, the base of the unit is characterized by a phenocryst-poor zone (5-7% phenocrysts).  In 
general, the phenocryst content tends to increase up-section and the ratio of plagioclase: 
potassium feldspar increases indicating a normal zonation.  In addition, little or no biotite 
phenocrysts are present throughout except near the top of the section where sparse biotite is 
present, and lenses of biotite-rich ash-flow tuff (Jbb) occur.  All exposures of the Red Boy 
Rhyolite in the Sierrita Mountains lie within or near its source caldera, and the unit includes 
large areas of  mesobreccia and is associated with megabreccia (unit Krbx) units, distinguished 
based on the size and concentration of lithic fragments.  In some areas, large  individual  
blocks of megabreccia are recognized and mapped separately at 1:24000 scale.  Pumice 
fragments of Red Boy Rhyolite are commonly indistinguishable from lithic clasts of the 
rhyolite porphyry. Geologic unit definition source: Ferguson et al 2003 and Johnson et al 2003

Krb

Megabreccia, Red Boy rhyolite
Includes rocks mapped as megabreccia, rhyolite porphyry megabreccia, rhyolite lava 
megabreccia.  Ferguson et al., [2003] describe red boy megabreccia as follows: Rhyolite ash-
flow tuff containing greater than 25% lithic fragments, some of which are greater than 1m in 
diameter.  In most cases lithic fragments in megabreccia are much greater than 1 m, and 
commonly much greater than 10 m. Locally, the breccia is dominated by clasts of quartz-
phyric rhyolite porphyry, or phenocryst-poor rhyolite.  Clasts in the rhyolite porphyry 
megabreccia unit, the most voluminous unit within the caldera fill, have a similar phenocryst 
assemblage to the Red Boy Rhyolite and these units are interpreted to be co-magmatic. 
Geologic unit definition source: Ferguson et al 2003 and Johnson et al 2003

Krbx

Mesozoic clastic sedimentary rocks
Strongly altered clastic sedimentary rocks that may correlate with lower Mesozic clastic 
sequences like the Rodolfo Formation, or younger sequences like the Bisbee or Ft. Crittenden 
formation.  Intruded by latest Cretaceous to Paleocene porphyries in the Mission district. 
Geologic unit definition source: Richard et al 2003 Twin Buttes

Mzs

Angelica Arkose
Consists mostly of fine- to coarse-grained, moderately to poorly sorted sandstone that varies 
from containing subequal amounts of quartz, feldspar, and lithic fragment to quartz-rich 
sandstone with up to perhaps 80% quartz.  Magnetite laminations are common in less altered 
sandstone south and southwest of Helmet Peak, and are locally abundant.  However, mineral 
content is generally difficult to discern because of common and pervasive alteration 
characterized by oxidation of mafic minerals, alteration of feldspar to phyllosilicates(?), iron-
oxide staining, local pervasive secondary epidote and quartz veinlets, and moderate to severe 
fracturing and locally severe crushing.  Locally includes pebbly sandstone; clasts are up to 10 
cm diameter, subrounded, and consist of quartzite, and rare 10-100 cm thick beds of brown to 
reddish brown mudstone.  Near exposures of underlying mafic volcanic rocks (map unit 
KJmv), sandstone is dark and lithic rich and is associated with conglomerate or breccia that 
contains clasts of aphyric mafic volcanic rocks up to 8 cm in diameter.  Truncated magnetite 
laminations reveal channels and clear top direction in the area south and west of Helmet Peak.  
Top-to-east and top-to-southeast facing is consistent with exposed deposition contact at base 
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where sandstone of this unit  rests depositionally on volcanic rocks of map unit Kd.
East of the Sierrita Mine, on the south side of the Sentor Morgan Mine.
Fine- to coarse-grained, moderately to poorly sorted sandstone that varies from containing 
subequal amounts of quartz, feldspar, and lithic fragments to quartz-rich sandstone with up to 
perhaps 80% quartz. Overlain by conglomerate of Demetrie Wash (Kcg). Geologic unit 
definition source: Richard et al 2003 Twin Buttes

Porphyritic andesitic intrusive rocks
Hypabyssal intrusive andesitic rocks with 5-15% 1-3 mm plagioclase phenocrysts. Jap of 
Johnson et al., 2003, Kdi of Ferguson et al., 2003.  
Southern stock is fine-grained crystalline to aphanitic matrix, plagioclase-porphyritic (5-15%, 
1-2 mm) andesite with sparse altered mafic phenocrysts.  The stock occurs south of Horse 
Pasture Hill where it intrudes a south-dipping sequence of Red Boy Rhyolite (Jb).  The stock is 
thought to be a feeder for extensive andesitic lava flows of the Demetrie Andesite exposed 
farther to the east.
Northern stock Porphyritic andesite containing 10-15% euhedral plagioclase phenocrysts 1-3 
mm long.  The andesite is massive and has a relatively low fracture density.  It intrudes the Red 
Boy Rhyolite just north of Keystone Peak. Geologic unit definition source: Ferguson et al 2003 
and Johnson et al 2003

Kai

Porphyritic andesite of Cobre Ridge
Medium-gray abundantly porphyrytic andesite. Consists of 40-65% phenocrysts 3-6 mm 
diameter.  Groundmass is idiomorphic to hypidiomorphic granular, very fine-grained 
groundamss.  Rock moderately to strongly propylitized. Phenocrysts are albititzed plagioclase 
(23-27%), hornblende 12-16 percent, biotite (1-2 %)  magnetite or tinaiferous magneite (1-
3%), apatite (<1%), accessory zircon, locally sphene; up to 3.4% quartz.  K-Ar date from 
amphibole concentrate 72+/-2.5 (Drewes, 1998), and 206Pb/238U zircon date of 125.4 Ma. 
Riggs and Haxel, 1990 correlated this unit with porphyritic andesite to dacite of Silver Hill, 
which crops out west of Cerro Colorado. Geologic unit definition source: Drewes 1997 1998 
Arivaca Bartlett Mountain

Kap

Conglomerate of Demetrie Wash
Massive to poorly sorted sandy conglomerate, conglomeratic sandstone, and sandstone.  Sand 
contains roughly 40% quartz, 3-5% mafics, most of which is probably magnetite that locally 
forms laminations.  Clasts are locally up to 50 cm diameter, are subrounded to subangular, and 
include medium grained granite with 5% mafics, fine grained leucogranite with <2% mafics, 
fine grained quartzite, banded aphyric rhyolite, and coarse grained granite with approximately 
10% mafics (primarily biotite).  All exposures are located near lower Demetrie Wash. Overlies 
sandstone correlated with Angelica Arkose in the Mission Mine area, overlain by lower 
rhyolite tuff of Demetrie volcanics. Geologic unit definition source: Spencer et al 2003 
Esperanza Mill

Kcg

Demetrie Volcanics
Intermediate composition lava flows, hypabyssal intrusive rocks, associated fragmental rocks, 
and sparse volcanic-lithic sedimentary rocks. Outcrops in the area south and east of the Sierrita 
Mine, and in the area southwest of the Mission Mine. 
Southern Area: Massive andesitic volcanic rocks and possible hypabyssal equivalents.  
Generally consists of medium to dark gray rock with 5-40% 1-4 mm gray to chalky white 
plagioclase(?) and 2-15%, <2 mm biotite(?).  Flattened inclusions, represented by 1-10 cm 
long, 0.5-5 cm thick pits formed after lithic fragments(?), define fabric that could be related to 
horizontal flow and vertical flattening.  Faint flow(?) banding, defined by differences in 
resistance to weathering, could be flow banding.  Crude layering in autoclastic breccia also 
defines planar fabric element that could be related to lava flow over the Earth’s surface.  South 
of Esperanza Well this unit appears locally as fine-grained quartz(?)-feldspar-biotite porphyry 
with quartz-epidote alteration.  
In thin section this rock contains 0-12%, 0.2-2.0 mm, brown biotite(?) that is typically rimmed 
with opaque minerals (probably iron oxides).  Opaques, 0.1-0.5 mm, make up as much of 15% 
of rock.  Birdseye maple extinction is strongest indicator that this mineral is biotite.  Another 
clear mineral could be biotite that has lost its iron due to alteration.  One crystal contained a 
brown core, clear zone around the brown center, and opaque rim.  Possibly, the clear zone 
represents biotite that has been depleted in iron, and this iron is now in the opaque rim.  
Extinction is parallel to long axis of biotite(?) crystals and parallel cleavage.  It is estimated 
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that, unaltered, this rock unit would contain about 10% brown biotite and 5% opaques.  
Altered, 0.3-3.0 mm feldspar, makes up 35-60% of the rock.  Albite twinning is common in 
some samples, rare in others.  
This unit rests on tuff (map unit Kdlr), which in turn rests on conglomerate (map unit Kcg) that 
is intruded by the 64.3 ± 0.4 Ma Ruby Star granite.  The Ruby Star granodiorite was intruded 
at sufficient depth (probably several kilometers) that it did not develop hypabyssal textures.  
We therefore infer that the Demetrie Volcanics are older than the Ruby Star granodiorite, and 
so are probably older than Tertiary (the Cretaceous-Tertiary boundary is dated at 65.5 Ma).  
The conglomerate and sandstone that underlie the Demetrie Volcanics are considered to be 
Cretaceous in age and broadly correlative with the Bisbee Group and/or Fort Crittenden 
Formation (Dickinson et al., 1989).  We therefore consider the Demetrie volcanic to be late 
Cretaceous in age.

Northern Area:
Texturally variable intermediate composition volcanic rocks.  Includes some clearly volcanic-
lithic sedimentary rocks, and probable hypabyssal intrusive phases. Generally consists of 
medium to dark gray rock with 5-40% 1-4 mm gray to chalky white plagioclase(?) and 2-15%, 
<2 mm mafic minerals (probably pyroxene).  Flattened inclusions, represented by 1-10 cm 
long, 0.5-5 cm thick pits formed after lithic fragments(?), define fabric that could be related to 
horizontal flow and vertical flattening.  Faint flow(?) banding, defined by differences in 
resistance to weathering, could be flow banding.  Crude layering in autoclastic breccia also 
defines planar fabric element that could be related to lava flow over the Earth’s surface. 
Geologic unit definition source: Ferguson et al 2003 and Johnson et al 2003

Rhyolite tuff, Demetrie Volcanics
Lithic tuff exposed between the Sierrita-Esperanza mine dump and Demetrie Wash (Cooper, 
1971, 1973).  Tuff is light gray to tan with flattened aphyric volcanic-lithic fragments, 3-100 
mm, forming up to 70% of rock.  Content of volcanic lithic fragments varies over tens of 
meters in some areas.  Also includes <1%, <1 mm feldspar and up to 4%, <4 mm quartz 
phenocrysts. In roadcuts along Caterpillar Road the tuff locally contains sparse 2-10 mm dark 
pink to red K-feldspar xenocrysts, sparse iron-oxide stained fractures with discoloration over 1-
2 cm from fractures, and sparse clots of iron oxide that look a little like oxidized sulfides, but 
no boxwork seen.  Examination of two thin sections from near the center of the tuff reveals that 
this rock contains 1-3%, 0.1-1.0 mm, subangular to subrounded quartz, 2-4% 0.5-2.0 mm 
altered feldspar, and 1-2 % altered mafic minerals that are too altered to identify.  Examination 
of two thin sections from near the base of this unit reveal 5-15% feldspar fragments, 
subrounded to subangular, with abundant volcanic lithic fragments. Geologic unit definition 
source: Spencer et al 2003 Esperanza Mill

Kdlr

Rhyolite of Stevens Mountain
Pinkish to pale-reddish-gray porphyritic rhyolite in small intrusions and dikes in western 
Sierrita Mountains. May include rocks of older or slightly younger age (Drewes and Cooper, 
1973). Geologic unit definition source: Drewes Cooper 1973 Western Sierrita

Krs

Harris Ranch Monzonite, Laramide
Medium-grained, equigranular quartz monzonite, greenish to pinkish gray, weathered light 
brown, containing 5-15% mafic minerals (biotite and hornblende variably altered to chlorite, 
epidote, and opaque oxides).  Coarse-grained and fine-grained variations in texture occur 
within the main pluton.  A fine-grained, porphyritic variety, common near intrusive contacts 
and in dikes, contains 15-40% plagioclase phenocrysts (pink to light orange, subhedral to 
euhedral, 1-5 mm) and up to 15% mafic minerals in a fine-grained to aphanitic, light pinkish 
gray to light green groundmass. Intrusive relationships with the Red Boy Rhyolite [Ferguson et 
al 2003 AZGS DGM 32] and recent isotopic age data [W. Stavast, pers. Comm, 2005] 
demonstrate a Laramide age for this eastern outcrop of rocks mapped as  Harris Ranch by 
Cooper [1973] included in this unit. Geologic unit definition source: Ferguson et al 2003 and 
Johnson et al 2003

Kh

Tascuela phase, Harris Ranch monzonite
Monzonite to quartz monzonite porphyry containing medium-grained phenocrysts of 
potassium feldspar and plagioclase in a fine-grained to aphanitic, orange-pink groundmass. 
The unit is exposed south of an ENE-striking fault in Ash Creek and is in fault contact with 
medium-grained quartz monzonite (KJha) to the north.  Mafic phase along SE border is not 
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differentiated. Geologic unit definition source: Ferguson et al 2003 and Johnson et al 2003

Ash Creek phase, Harris Ranch monzonite
Medium-grained, equigranular quartz monzonite and fine-grained, porphyritic quartz 
monzonite to monzogranite. The equigranular quartz monzonite is like that of the main Harris 
Ranch pluton (KJh).  The fine-grained phase is leucocratic and contains medium-grained 
feldspar phenocrysts, 15-25% quartz (mostly in the fine-grained groundmass), and 1-10% 
altered mafic minerals. Contact relations between these two phases are uncertain but appear to 
be gradational.
The Ash Creek phase  is similar to the main Harris Ranch pluton (KJh) but is apparently older, 
because it is cut by the ENE-striking Ash Creek fault, whereas the main Harris Ranch pluton 
appears to have intruded this fault. Mafic phase in NE corner of outcrop is not differentiated. 
Geologic unit definition source: Ferguson et al 2003 and Johnson et al 2003

KJha

Mixed metamorphosed Paleozoic and Mesozoic strata and quartz diorite
Meta-arkose, metaquartzite, marble and sparse metaconglomerate pendants in quartz diorite, 
form zones adjacent to quartz diorite of Calera Wash, to north and south, in northern 
Tumacacori Mountains.  Rock appears to form thin blanket mantleing quartz diorite. Meta-
arkose and metaquartzite are predominant, and grade into one another. Includes masses of 
hornfels of indeterminant origin. Metaconglomerate contains quartzite clasts up 8 inches in 
diameter.  Smaller clasts are sub angular, larger clasts rounded.  Clasts locally stretched.  
Vague graded bedding locally visible.  Conglomerate matrix contains garnet.  Contorted 
banding is present in quartzite and conglomerate units; bedding may be transposed.
Meta arkose is medium grained, resembles aplite in texture; rock is white to various tints of 
light gray.  May be difficult to distinguish from enclosing granitoid. Modal mineralogy (6 
point counts) is 38% quartz, 36% K-feldspar, 22% plagioclase (An30), minor muscovite, 
magnetite, chlorite, biotite, sphene, trace zircon and garnet.
Marble forms discontinuous lenses from 1 to several 10's of meters across. Forms white to light 
gray exposures. Conspicuous banding present in darker varieties. Banding generally parallel to 
long axis of outcrop, locally contorted. Lighter colored marble generally coarser grained than 
dark colored marble. Chert and serpentine lenses and nodules common. In thin section, 
carbonate minerals are accompanied by magnetite, diopside, forsterite, serpentine, chlorite and 
clay. Small rounded quartz grains ubiquitous but sparse. Lighter colored marbles near pure 
calcite (2% magnesium), darker varitiies appear to contain at least 10% magnesium.
Hornfels weathers to form large ares of red brown colluvium, attributed to breakdown of 
ferriferous calcium silicate minerals. Fresh rock is generally dark green in color, and  consists 
mostly of calcium silicate mineral (epidote, diopside, actinolite), ranges from very fine-grained 
and dense to coarse grained with 3-4 mm diameter epidote. Mostly directionless fabric. Some 
dense red brown garnet hornfels present. Protolith for hornfels interpreted to have been fin-
grained quartzose clastic rock with abundant lime--limey siltstone or shale. Geologic unit 
definition source: Cunningham, 1965 N Tumacacori foothils

KPm

Quartz diorite of Calera Draw
Quartz diorite with Paleozoic and Mesozoic sedimentary rock xenoliths and pendants, northern 
Tumacacori Mountains.  Description taken from Cunningham (1964).  Medium to coarse-
grained hornblende quartz diorite, non-foliated. Abundant alteration with introduction of 
secondary orthoclase and quartz, and reaction with limey pendenats to produce a gabroic-
appearing phase. Non resistanct to erosion, forms low areas with little outcrop.Most outcrops 
weather to a coarse-granular appearance with orthoclase porphyroblasts, where present, 
standing out prominently. Equigranular quartz diorite difficult to distinguish from meta arkose. 
Enclaves and xenoliths are abundant.  Composed of white andesine (3-6 mm) and quartz 
(typically about 2 mm), late pink orthoclase porphyroblasts up to 3 cm long locally present. Up 
to 25% altered ferromagnesian minerals, interpreted to have been hornblende and magnetite, 
now altered to biotite and chlorite.  Generally appears to have contained trace to a few percent 
hornblende.  Occasional disseminated pyrite.  Epidotized in many places, where this extensive, 
rock is altered to epidote-quartz granofels.  A good deal of the plagioclase is untwinned. 
Intruded by numerous porphyritic andesite dikes. Geologic unit definition source: 
Cunningham, 1965 N Tumacacori foothils

KJqd
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Conglomerate, Sandstone, and volcanic rocks of Chiuli Shaik Formation

Red to brown conglomerate, gray-green sandstone, grayish-brown volcanic breccia, and rare 
lenses of blue-gray limestone.  Also contains numerous thin flows of red to gray laminated 
felsite and a few brown andesitic flows and flow breccias. Geologic unit definition source: 
Haxel et al 1980 MF 1251

KJcc

Rhyodacite tuff and andesite lava flows of Chiuli Shaik Formation
Upper part:  Gray and red rhyodacite tuff and welded tuff, with related subvolcanic intrusions. 
Lower part:  Volcanic flows and flow breccia of maroon and purplish andesite and porphyritic 
andesite.  Both parts locally contain lenses of sedimentary rock. Geologic unit definition 
source: Haxel et al 1980 MF 1251

KJca

Andesitic lava, associated volcanic-lithic conglomerate, and tuff of 
Sierrita Mountains

Dark-colored volcanic-lithic conglomerate interbedded with andesitic lava flows, plagioclase-
porphyritic andesite lava, minor hypabyssal intrusive andesite. Pre-dates Red Boy Rhyolite, 
unconformably overlies tuff of George Tank (Ox Frame volcanics). Dacitic  rocks of 
Champurrado Wash to southwest, and dacitic rocks of Silver Hill  in the Cerro Colorado to 
Arivaca Area may be part of same assemblage [SMR].
The andesitic conglomerate unit (Jc), rhyodacite tuff (Jtt), and upper andesite lava (Jau)  of 
Ferguson et al., [2003] all map into strata mapped as Demetrie volcanics by Drewes and 
Cooper [1973], so include Drewes and Cooper Kd with this unit. Meant to include rocks 
younger than Ox Frame volcanics and older than Red Boy rhyolite, but age relationships and 
correlations are sufficiently unclear that this is not certain. Geologic unit definition source: 
SMR 020706 Rock unit edits

KJvc

Sediments of Oro Blanco
Volcanic lithic sandstone and conglomerate, undivided.  Mapped where conglomeratic and 
fine-grained facies have not been differentiated.  Interpreted to correlate with Pitoikam or 
Mulberry Wash Formations of Baboquivari Mountains. Name originally proposed by L. 
Knight, also used by Drewes (1998) for these rocks. Geologic unit definition source: Haxel 
1987-89 Arivaca Area mapping

KJs

Conglomerate of Fresnal Canyon
Red and brown, massive, indistinctly bedded, poorly sorted, pebble to boulder conglomerate 
with a matrix of coarse, arkosic sandstone; uncomformably overlies Chiuli Shaik Formation 
(units KJca and KJcc) (Heindl and Fair, 1965; Fair, 1965) and contains sparse to locally 
abundant clasts of latest Jurassic perthite granite of Baboquivari Peak (unit Jgb).  Haxel et al. 
MF 1251 interpret as Cretaceous. Evidence seems equivocal, and description is very similar to 
conglomerates in rocks of Arivaca to east of Baboquivari Mountains. Geologic unit definition 
source: Haxel et al 1980 MF 1251

KJc

Mesozoic and Paleozoic strata, and Pinal Schist lenses in shear zone
Slivers of various rock types in complex anastomosing shear zone between metavolcanic rocks 
of Pacheco Ranch to west and Middle Proterozoic(?) granitoid to east.  Drewes and Cooper 
[1973] identify lenses of formation of Pacheco Ranch, Martin, Escabrosa, Horquilla, Bisbee 
and Pinal schist in the zone. Geologic unit definition source: Drewes Cooper 1973 Western 
Sierrita

KXs

Granite of Pavo Kug Wash
Light-gray, tan-to reddish-tan-weathering, coarse- to fine-grained, equigranular, texturally 
heterogeneous, leucocratic biotite monzogranite and syenogranite, typically with conspicuous 
greasy-gray quartz.  Biotite-rich inclusions are rare.  Quartz veins are locally common. Intrudes 
granodiorite and monzogranite of Kitt Peak (unit Jk) along mapped contacts and as 
westernmost Quinlan Mountains both granite of Pavo Kug Wash and granodiorite and 
monzogranite of Kitt Peak (unit Jk are pervasively foliated, but elsewhere these units are only 
locally foliated. Includes unmapped inclusions of biotite gneiss. Geologic unit definition 
source: Haxel et al 1980 MF 1251

Jgpk
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Amphibolitic schist, metamorphic rocks of Chutum Vaya

Dark-greenish-gray to black, moderately foliated, medium- to fine-grained biotite-epidote 
amphibolitic schist, typically with sparse to abundant polycrystalline biotite or biotite-
hornblende- epidote blebs a few millimeters in largest dimension.  Unmapped thin lenses, 
commonly a few meters thick, of amphibolitic schist occur locally in southern part of 
quartzofeldspathic schist and phyllite and quartz-epidote granofels (unit Jcs), particularly in 
area west and west-northwest of Deadman Pass. Amphibolitic schist bodies east and southeast 
of Aguirre Peak locally grade into, and apparently were derived from, medium-grained, 
equiganular dioritic rocks very similar to some of those of the hornblende diorite of Aguirre 
Peak (unit Jd). Geologic unit definition source: Haxel et al 1982 MF 1378

Jcas

Quartzite interbedded in rhyolitic tuff of Ali Molina Formation
Lenses of quartz arenite associated with rhyolitic volcanic rocks; in Ali Molina formation of 
Baboquivari Mountains. Probably similar in age and depositional setting  with sandstone of 
Arivaca (unit Jsa) and quartzite associated with Ox Frame Volcanic rocks.  Described by Haxel 
et al. (MF 1251) as white to gray and greenish-gray to black, unfoliated to weakly foliated 
quartzite, micaceous quartzite, and tourmaline quartzite. Quartzite is interbedded with 
rhyodacite (unit Jar); some thin, discontinuous quartzite layers are not mapped. A few of 
thicker quartzite layers locally contain interbedded rhyodacitic volcanic rocks.  Less 
metamorphosed quartzites are commonly crossbedded, and most of bedding attitudes in 
quartzite were measured on these crossbeds. Feldspathic quartzite occurs in some of the 
stratigraphically higher quartzite layers. Geologic unit definition source: Haxel et al 1980 MF 
1251

Jaq

Metarhyolitic volcanic rocks of Ali Molina Formation
Variable metamorphosed, typically bluish-gray, tan- to brown-weathering, semiflinty, massive 
to foliated, porphyritic rhyodacite flows, flow breccia, and welded tuff. Presence of welded tuff 
is indicated by relict eutaxitic fabric observable on some weathered surfaces. Volcanic breccia 
is most common in area around and north of San Juan Canyon.  Subordinate rocks of dacitic 
and rhyolitic composition are probably also present.  Phenocrysts are typically sodic 
plagioclase and quartz; potassium feldspar is less common. Mafic phenocrysts are highly 
altered. In least metamorphosed (and more typical) rhyodacite, groundmass is a fine-grained, 
granoblastic to granoblastic-elongate aggregate of feldspar, quartz, biotite, and magnetite.  
Other metamorphic minerals are epidote, sphene, and porphyroblastic actinolite and 
tourmaline.  Most strongly metamorphosed rocks are quartzofeldspathic orthoschist. Rock is 
locally silicified. Geologic unit definition source: Haxel et al 1982 MF 1378

Jar

Metasedimentary rocks of the Ali Molina formation
Jam and Jas of Haxel et al., 1980; meta conglomerate, quartzofeldspathic schist and epidotized 
sandstone. Metaconglomerate is light-gray to light- bluish- gray metaconglomerate consisting 
of well-rounded to metamorphically flattened pebbles and cobbles of quartzite and aphanitic 
and porphyritic, silicic to intermediate volcanic and hypabyssal rocks in a matrix of 
quartzofeldspathic schist or semischist.  In area between Mulberry Wash and Sabino Canyon, 
metaconglomerate in some places grades into quartzofelspathic phyllite and fine-grained schist 
and locally contains thin layers of quartzite of feldspathic quartzite.  Strongly faulted and 
sheared in area between Gu Chuapo and Mulberry Wash.
Quartzofeldspathic schist and epidotized sandstone is gray and bluish-gray, fine-grained, 
biotite-muscovite quartzofeldspathic paraschist, and olive-green and pale-green, laminated 
epidotized sandstone composed of subequal amounts of quartz and yellowish epidote.  Similar 
rocks occur in the hills east of Comobabi village (Haxel and others, 1978), 5 to 10 km north-
northwest of northwest corner of quadrangle. Geologic unit definition source: Haxel et al 1980 
MF 1251

Jas

Metamorphosed volcanic breccia and conglomerate
Unit depicted as mapped by Haxel (unpublished).  Corresponds loosely to rock mapped as 
quartz latite porphyry breccia by Drewes (1997), and described as brecciatated quartz latite 
porphyry resembling unit Jci and Cobre Ridge tuff (Jct). Clasts mostly smaller than 3 cm in 
matrix of similar quartz latite porphyry that may be more strongly altered.  Haxel interprets as 
volcanic fragmental rock related to Jurassic volcanic complex that includes Cobre Ridge tuff 
(personal communication, 2006). Geologic unit definition source: Haxel 1987-89 Arivaca Area 
mapping

Jbm
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Intrusive or extrusive rhyolite of Cobre Ridge (Jurassic)

Hypabyssal rhyolite, some possible densly welded extrusive tuff. Haxel (unpublished) and 
Drewes [1997, 1998] interpreted intrusive vs. extrusive facies of the Cobre Ridge tuff quite 
differently.  Classification for this map includes rocks that were interpreted differently in both 
sources or as intrusive in both sources in this unit Jup, Jq of Drewes [1997].
Rock described by Drewes [1997] as coarsely and abundantly porphyrytic quartz latite, with 
50-75% of rock consisting of phenocrysts.  Rock is ligth gray to pinkish gray and weathers 
grayish orange pink to pale yellowish brown. Phenocrysts range from 5-15 mm in diameter, 
groundmass is finely granular and too strongly altered to identify minerals.  Phenocrysts 
included quartz (10-25%), potassium feldspar (15-25%), albititzed plagioclase (15-35%), 
biotite (2-5%), magnetite (trace to 1%), and trace apatite, zircon, allanite, and amphibole.  U-
Pb date of 173 +/- 1 Ma reported (Sam Bowering, Geochron laboratories, in Drewes, 1997, 
sample 94D52). Geologic unit definition source: Drewes 1997 1998 Arivaca Bartlett Mountain

Jci

Schistose metaconglomerate, metamorphic rocks of Chutum Vaya
Light-gray, weakly to strongly foliated and lineated metaconglomerate consisting of well-
rounded to metamorphically flattened and elongated pebbles and, locally, cobbles in a matrix 
of sericitic, quartzofeldspathic schist or, less commonly, phyllite or semischist.  Clasts are 
white to dark-gray quartzite, reddish- or bluish-gray feldspar porphyry, and, very rarely, fine-
grained aplitic and granitic rocks.  Unit locally contains thin interlayers of quartzofeldspathic 
schist, phyllite, or argillite, or rarely, metarhyolite or epidotized sandstone. Metaconglomerate 
is partially silicified in vicinity of lower Jupiter Canyon and lower Weaver Canyon. Geologic 
unit definition source: Haxel et al 1982 MF 1378

Jcm

Phyllitic metaconglomerate, metamorphic rocks of Chutum Vaya
Light-gray and light-greenish-gray weakly to locally moderately foliated, weakly lineated 
metaconglomerate consisting of pebbles and, locally, cobbles of quartzite and porphyry in a 
matrix of sericitic phyllite or, locally, semischist.  Contains sparse layers of quartzofeldspathic 
phyllite.  Well-rounded clasts are only locally flattened parallel to foliation and elongated 
parallel to lineation. Geologic unit definition source: Haxel et al 1982 MF 1378

Jcp

Metarhyolite of Chutum Vaya
Light- to medium-gray, in part bluish, greenish, or tan, weakly to strongly foliated and lineated, 
largely fine grained biotite, muscovite-biotite, or epidote-muscovite-biotite quartzofeldspathic 
orthoschist, typically with coarse to abundant relict quartz phenocrysts, and in part with 
variably altered, inconspicuous relict phenocrysts of plagioclase, potassium feldspar, and (or) 
biotite.  Polycrystalline stringers and blebs, 1 to 3 mm long, of metamorphic biotite are 
characteristic.  Metarhyolite is derived from variably metamorphosed volcanic, hypabyssal 
intrusive, and pyroclastic rocks.  Relict eutaxitic fabric, pumice lapilli, and intrusive relations 
are locally discernible in weakly metamorphosed metarhyolite.  Unit contains numerous 
interlayers of quartzofeldspathic schist and phyllite and quartz-epidote granofels, and less 
common interlayers of metaconglomerate and quartzite; these metasedimentary rocks are 
similar to those of unit Jcs.  In area of Asolido and Gallineta Washes, metarhyolite (unit Jcr) 
and quartzofeldspathic schist and phyllite (part of unit Jcs) locally have a second cleavage 
defined by axial planes of penetrative, centimeter-size crenulation folds. Geologic unit 
definition source: Haxel et al 1982 MF 1378

Jcr

Quartzofeldspathic schist and phyllite and quartz-epidote granofels, 
metamorphic rocks of Chutum Vaya

Unit consist of several types of interlayered, and partially intergradational, metasedimentary 
rocks, with minor metarhyolite. Rock types are described in order of decreasing overall 
abundance: (1) Light- to dark-gray, locally pale-greenish or purplish, fine-grained to very fine 
grained quartzofeldspathic and, less commonly, semipelitic or quartzitic biotite-muscovite, 
biotite, and chlorite-biotite schist, phyllite, and locally, semischist or argillite. Accessory 
metamorphic minerals present in some rocks include carbonate, epidote, magnetite, or 
tourmaline. This schist and phyllite were derived from argillaceous to, less commonly, arenitic 
sandstone and siltstone; relict detrital quartz grains are discernible in a few thin sections. 
Schist and phyllite are locally pebbly.  (2) Pale-gray-green and pale-yellowish-green, fine-
grained, weakly to very weakly foliated and lineated quartz-epidote granofels and, locally, 
schist, commonly with accessory actinolite, and locally with accessory biotite, sericite, 
microcline, or calcite. Probably derived from calcareous(?) arenitic sandstone and siltstone; 

Jcs
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relict detrital quartz grains are discernible in some thin sections. Rock is commonly laminated, 
is locally conglomeratic, and typically has coarse.  Wavy, greenish variegated banding. (3) 
Schistose metaconglomerate, similar to that of unit Jcm (except is not locally silicicified). (4) 
White to medium-gray, fine-grained, weakly foliated quartzite, serictic quartzite, and epidote 
quartzite, locally conglomeratic. (5) Metarhyolite, similar to that of unit
Jcr; as sparse to locally common interlayers and pods chiefly in southern and southeastern part 
of outcrop area of unit Jcs.  (6) Dark-gray, fine-grained biotite-muscovite politic schist, in 
some places with millimeter-size porphyroblasts of garnet of magnetite.  Overall, within unit 
Jcs, metamorphic grain size increases westward.  Mapped bodies of unit Jcs at Caponera Peak, 
and several smaller, unmapped bodies in this vicinity, are hornfelsic, and consist of medium-
grained, locally hornblende-bearing quartzofeldspathic to semipelitic schist, and medium-to 
coarse-grained epidote-bearing hornblende quartzofeldspathic granofels in which needles, 
laths, and elongate clusters of hornblende are 1 to 40 mm long.  At Caponera Peak, foliation of 
schist is deformed by sparse to locally penetrative decimeter-size chevron folds. Geologic unit 
definition source: Haxel et al 1982 MF 1378

Tuff of Cobre Ridge (Jurassic)
Drewes [1997] divided into upper and lower welded tuff (units Juw and Jlw of Drewes, 1997) 
separated by sandstone of Arivaca (Jsa). Described as porphyritic rock with 10-25 % 
phenocrysts 2-7 mm in size, in cryptocrytslline groundmass with some relict devitrified glass 
and shards.  Phenocrysts included quartz (3-8%), albitized plagioclase (2-10%), potassium 
feldspar (possibly sanidine in some rocks) (2-10%), biotite (1-5%), and trace magnetite, 
apatite, and zircon. Lithic fragments and fiamme are sparse.  Rock weathers slightly platy, with 
foliation oriented parallelt o bedding in sandstone of Arivaca.  Fiamme and shardy struture are 
usually visible without a microscope, but in some rocks they are nebuloous features.  Probably 
more than 500 m thick. Geologic unit definition source: Drewes 1997 1998 Arivaca Bartlett 
Mountain

Jct

Hornblende diorite of Aguirre Peak
In the southern Baboquivari Mountains.  At Aguirre Peak: Medium-gray to black, coarse- to 
medium- grained, mesocratic to, less commonly, melanocratic hornblende and augite-
hornblende diorite and quartz diorite, typically porphyritic with blocky, subhedral to euhedral 
hornblende phenocrysts 5 to 10 mm long. Hornblende typically constitutes roughly half of 
rock, and diorite locally grades into augite hornblendite.  Rock is unfoliated, but locally has 
fracture cleavage parallel to foliation in enclosing quartzofeldspathic schist and phyllite and 
quartz-epidote granofels (unit jcs) and metarhyolite (unit Jcr) (Haxel et al., 1982).  Areas of 
Deadman Pass and upper Coyote Canyon: Medium-gray to black, unfoliated to foliated, 
medium- to fine-grained, largely mesocratic biotite-hornblende quartz diorite, typically 
equigranular but locally with hornblende phenocrysts.  Also occurs as small, scattered, 
unmapped dikes (Haxel et al, 1980). Follow Beikman et al. (1995) lump dioritic rocks of Nawt 
Vaya and Aguierre Peak into one unit. Geologic unit definition source: Beikman et al 1995 
Baboquivari Mtns area

Jd

Perthite granite of Baboquivari Peak
Grayish-red to reddish-brown, dusky-red- to pinkish-gray-weathering, coarse-grained to locally 
medium-grained, locally porphyritic, leucocratic perthite granite and subordinate syenogranite 
and quartz perthite syenite.  Accessory biotite and (or) amphibole are largely to completely 
altered to various combinations of chlorite, hematite, clay, epidote, actinolite, sphene, and, 
locally, blue amphibole.  Primary amphibole is hornblende in some areas and hastingsite in 
others.  Iron-oxide staining is pervasive.  Unite intrudes Mulberry Wash Volcanic Formation 
(units Jmc and Jmd) and is locally intruded by unmapped dikes of medium-to fine-grained 
hornblende-biotite quartz monzodiorite. Geologic unit definition source: Haxel et al 1980 MF 
1251

Jgb

Pitoikam Formation
Fining upward sequence from sandstone and conglomerate to reddish purple mudstone.  Base 
not exposed.  Divided into a lower Contreras conglomerate member consisting of conglomerate 
and sandstone (includes basal conglomerate and sandstone member of Haxel et al., 1980) and 
upper Chiltepenas member consisting of mudrock. Geologic unit definition source: Haxel et al 
1980 MF 1251

Jpc
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Metamorphosed granite porphyry of Las Guijas

Metamorphosed porphyritic granitoid, correlated with granite porphyry of Las Guijas. Geologic 
unit definition source: Haxel 1987-89 Arivaca Area mapping

Jpgm

Quartz-rich sandstone associated with Ox Frame volcanics
In the south-central Samaniego Hills 7.5' quadrangle, associated with mostly rhyolitic volcanic 
rocks of the Ox Frame Volcanics, described by Johnsone et al., 2003 as:  White to medium 
gray, fine- to medium-grained quartz sandstone, rounded to subrounded, well sorted to 
moderately sorted.  Much of this unit is quartz arenite but it includes thin units of pebbly, 
quartz-rich sandstone that contain up to 30% rhyolitic lithic clasts ranging in size from 
granules to pebbles (up to 3 cm).  The rhyolitic clasts are commonly light colored and chalky in 
appearance, and the larger clasts are typically sub-angular to angular.  Small amounts (1-10%) 
of secondary sericite, chlorite, or biotite are locally present between the framework sand grains 
and are interpreted as products of metamorphism or hydrothermal alteration.  The quartz 
sandstone forms units up to 20 m thick intercalated with rhyolite and andesite lava flows 
throughout the Ox Frame succession.
In the NW Batamote Hills and northern Esperanza Mill quads, near the Sierrita Mine, quartzite 
appears associated with more andesitic volcanic rocks, but alteration makes interpretation of 
protoliths difficult (Spencer et al., 2003). Geologic unit definition source: Ferguson et al 2003 
and Johnson et al 2003

Jq

Sandstone of Cerro Colorado
Described by Keith and Theodore [1975] as sandstone or quartzite, pink, well-sorted, locally 
cross-bedded. Probably correlates with similar quartz-rich sandstone in Ali Molina Formation 
and the sandstone of Arivaca (Jsa). Geologic unit definition source: SMR western Cerro 
Colorado compilation

Jqa

Rhyolite lava flows near Horse Tank
Rhyolite lava and rhyolite lava breccia containing approximately 5% phenocrysts of feldspar.  
The lava is identified in only one area, along the southern edge of the Sierrita Mountains near 
Horse Tank in SW/4 of Section 23, T18S, R11E.  The lava is interpreted to be part of a south-
southeast dipping sequence of volcanic rocks that unconformably overlies a complex area of 
hypabyssal Ox Frame andesite and rhyolite (Joa, Jor). Geologic unit definition source: 
Ferguson et al 2003 and Johnson et al 2003

Jru

Sedimentary rocks of Brouse Well
Rocks mapped as Js by Drewes (1997) and  Jos by Drewes (1998).  Gray or brownish gray 
shale, siltsone and sandatone, distinctly bedded. A few thin lentils of fine-grained gray 
limestone or shale containing limestone nodules are present. Some beds contain sparse 
impression of plant matter possibly twigs (Drewes, 1997).  Sand appears to be generally quartz 
poor, volcanic lithic, commonly appears light gray and tuffaceous.  Vague plane lamination or 
low angle cross bedding is visible in many places (Richard, field observation 2006). Geologic 
unit definition source: Drewes 1997 1998 Arivaca Bartlett Mountain

Js

Sandstone of Arivaca
Light brown to pale-reddish brown quartz- or quartz-and-feldspar sandstone; well sorted, fine- 
to medium-grained, nearly massive to thick bedded to laminated, localy crossbedded. Quartz 
grains rounded and some are frosted. Detritus probably eolian or partly eolian and locally 
fluvially reworked. Thisckness 70-180 m. Probably correlative with similar sandstone in Mt. 
Wrightson Formation, Ali Molina Formation, and at Cerro Colorado. Geologic unit definition 
source: Drewes 1997 1998 Arivaca Bartlett Mountain

Jsa

Quartz Monzonite of Sierrita Mountains
In western Sierrita Mountains, pinkish-gray coarse grained quartz monzonite, may include 
some granite (Drewes and Cooper, 1973). Geologic unit definition source: Drewes Cooper 
1973 Western Sierrita

Jsg

Sedimentary rocks of Brouse Well, metamorphosed
no description Geologic unit definition source: Haxel 1987-89 Arivaca Area mapping

Jsm
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Granite of Cobre Ridge

Fine to medium-grained grayish-orange pink to very pale orange granite that weathers to 
bouldery or knowyby outcrops and disaggregates readily to grus. Texture is hypidiomorphic 
granular, consisting of crystals 3-10 mm long. Minerals included kaolinized perthitic 
mircriocline or orthoclase (30-40%) albitized platioclase (30-35%), magnetite (trace to 1%), 
and trace apatite and zircont. Trace sphene and amphibole presente in some rocks. U-Pb zircon 
date of 167.3 +/- 0.46 reported (Wayne Premo, 1996, in Drewes, 1998). Geologic unit 
definition source: Drewes 1997 1998 Arivaca Bartlett Mountain

Jgcr

Argillite, metamorphic rocks of Chutum Vaya
Drab, brown-, olive-green-, and dark-gray-weathering nonresistant, massive to locally 
laminated, sericite-chlorite argillite and subordinate quartzofeldspathic semischist, derived 
from siltstone, sandstone, and mudstone.  Argillite is locally calcareous or conglomeratic.  Unit 
contains sparse interlayers of metaconglomerate and, in southwestern part of outcrop area, 
metarhyolite.  Argillite is weakly to moderately foliated and lineated; foliation is commonly 
parallel to bedding. In southwestern part of outcrop area, argillite in part grades into 
quartzofeldspathic phyllite and schist similar to that of unit Jcs. Geologic unit definition 
source: Haxel et al 1982 MF 1378

Jca

Andesitic rocks of Ox Frame volcanic rocks
Andesite, both hypabyssal intrusive and lava flows. Locally includes abuntant rhyolite of 
Oxframe volcanics rocks, eithere as intrusions or interbedded lava. Units Jal and Ja of 
Ferguson et al. 2003 and Johnson et al., 2003. A suite of dark colored andesitic rocks with fine-
grained crystalline matrix and containing between 5-30% phenocrysts of plagioclase (1-6mm), 
and 0-5% strongly altered mafic minerals (generally <2mm). Extrusive volcanic origin can 
locally be determined based on contact relationships and volcanic textures, chiefly 
autobreccia.  Most lava flows contain 10-15% euhedral to subhedral plagioclase phenocrysts (1-
2mm), but some distinctive units are coarse-grained (3-6mm) and relatively phenocryst-rich 
(20-30%). Geologic unit definition source: Ferguson et al 2003 and Johnson et al 2003

Joa

Contreras Conglomerate member, Pitoikam Formation
Brown and red, thick-bedded, pebble, cobble, and, less commonly, boulder conglomerate, with 
thin, lenticular interbeds of sandstone and siltstone similar to that of Chiltepines Member (unit 
Jpc).  Clasts are mostly subrounded to rounded and consist of aphanitic and porphyritic, silicic 
to intermediate volcanic and hypabyssal rocks and, less commonly, quartzite. Lower part is red 
and brown interbedded conglomerate, sandstone, and siltstone. Contact with overlying 
conglomerate  is gradational.  In Sabino Canyon, near contact with rhyodacite porphyry of 
Tinaja Spring (unit Jts), conglomerate is incipiently metamorphosed and locally takes on a 
light-bluish-gray color. Base of unit is not exposed. Includes units Jpcs and Jpco of Haxel et al 
1980 USGS MF-1251. Geologic unit definition source: Haxel et al 1980 MF 1251

Jpcs

Felsic member, Ox Frame volcanics
Rhyolite lava, tuff, and associated fragmental rock.  Rhyolite is typically massive to flow-
foliated , and phenocryst-poor to aphyric, containing 0-5% phenocrysts of feldspar (1-2 mm), 
sparse mafic minerals, and very rare quartz.  Matrix is typically light gray, fine-grained and 
recrystallized.  Rock identifiable as lava flows shows evidence of volcanic textures, chiefly 
autobreccia.  Matrix of lava autobreccia contains significant amounts of quartz sand at the top 
of many of the rhyolite lava flows.  In some areas these breccias may grade into clast-supported 
block and ash-flows.  A single, phenocryst-poor, thin- to medium-bedded lens of nonwelded 
tuff is present within a rhyolite lava sequence at Horse Pasture Hill (0-2m thick). Two discrete 
ash-flow tuff outflow sheets are interbedded between rhyolitic and andesitic lava flows east of 
Ox Frame Canyon.  (2-20 m thick). These consist of moderately phenocryst-rich rhyolite ash-
flow tuff containing 20-30% phenocrysts of quartz (0.5-2 mm), plagioclase (0.5-2 mm), and 
potassium feldspar (1-2 mm) in roughly subequal amounts plus sparse biotite phenocrysts (<1 
mm).  
This unit also includes tuff-breccia mapped as tuff of George Tank by Ferguson et al., 2003. 
This rock is tuff megabreccia consisting of 30-60% 1-100m blocks of rhyolitic and andesitic 
lava in a matrix of moderately phenocryst-rich rhyolite ash-flow tuff containing 5-17% 
phenocrysts of anhedral quartz (1-8%, 0.5-2.5mm), euhedral to subhedral plagioclase (3-12%, 
1-4mm), subhedral to euhedral potassium feldspar (<1-5%, 0.5-2mm), and sparse biotite (0.5-
1mm).  Although up to 2.5mm in diameter, quartz phenocrysts are rarely >1mm and 
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characteristically rounded and anhedral in form.  Both feldspars are intensely altered, and 
biotite, although sparse is present throughout the tuff, a diagnostic feature distinguishing this 
unit from the overlying Red Boy Rhyolite (Jb).  The tuff of George Tank is found only along 
the western edge of the Batamote Hills quadrangle between Blackhawk Mine and George 
Tank.  Only the northwestern exposures of the unit contain less than 30% lithic fragments.  
Particularly large clasts of the northerly adjacent andesite lava map unit (Ja) occur in the 
megabreccia along its northern contact indicating that it is as a south-facing buttress 
unconformity.  This unconformity is interpreted as a south-facing caldera margin or a syn-
volcanic promontory (>300m thick).  
Aphyric to phenocryst-poor rhyolite ash-flow tuff and tuff-matrix megabreccia, named the tuff 
of San Juan Wash by Ferguson et al. (2003) underlies the andesitic conglomerate of unit KJvc 
west of an inferred NNW trending fault bounding the tuff of George Tank is continuous with 
rocks mapped as Ox Frame volcanics by Drewes and Cooper (1973) and is included with the 
felsic member of the Ox frame volcanic in this compilation. Ferguson et al. 2003 report that 
this ash-flow tuff and the distinct pink to red quartz sandstone and silty mudstone lithic blocks 
contained in its megabreccia show no affinity to any volcanic unit in the Ox Frame volcanics 
to the northeast. Geologic unit definition source: Ferguson et al 2003 and Johnson et al 2003

Mulberry Wash Formation
Interbedded sequence of intermediate-composition lava flows, associated fragmental rocks, and 
volcanic-lithic conglomerate, and hypabyssal intrusive rock. Lava flows in the south generally 
consist of dark-purple, -gray, and –brown, strongly altered, sparsely porphyritic dacitic or 
andesitic rock, and rare pinkish-gray rhyodacite.  To the north, more heterogeneous igneous 
rock types are described in the upper part of the unit, including (from the top down) pink latite 
porphyry and red laminated felsite; red to dark-gray andesite porphyry, vesicular black basalt; 
gray, red, pink rhyodacite porphyry, purple porphyritic dacitic or andesitic rock; and dark-
purple, -gray, and –brown, strongly altered, sparsely porphyritic dacitic or andesitic rock. 
Interlayered conglomeratic rocks are typically brown, red, purple, and dark-gray pebble to 
boulder conglomerate and subordinate sandstone and breccia, all composed largely of volcanic 
debris.  Some monolithologic volcanic-lithic conglomerate, sandstone, and breccia consist of 
cobbles of rhyodacite porphyry in a matrix of rhyodacite porphyry fragments; breccia locally 
grades into volcanic flows. In outcrops west of Osobavi Peak sparse layers of bluish-gray, 
coarse- to fine-grained, thin- to medium-bedded volcaniclastic sandstone are present. Volcanic 
rocks and conglomerate within the southern and eastern part of this body locally are incipiently 
metamorphosed, as indicated by minor sericitic recrystallization and development of south-
dipping fracture cleavage. Early Jurassic age is based on u-pb isotopic geochronology by J.E. 
Wright (Wright and others, 1981). Geologic unit definition source: Haxel et al 1980 MF 1251

Jmw

Granite phase, granitic rocks of Las Guijas
Mapped by Keith and Theodore [1973] as alaskite of Las Guijas Mountains (TKa), by Riggs 
and Haxel [1990] as granite of Duranzo (Jg), and by Drewes [1997] as the coarse-grained core 
of the Las Guijas stock--the largest body of hypabyssal porphyry associated with the tuff of 
Cobre Ridge.  The hypabyssal porprhyry is here differentiated as the porphyritic phase of the 
granitic rocks of Las Guijas, following Keith and Theodore [1973] and Riggs and Haxel 
[1990], and this phase is differentiated as the granite phase.  Drewes [1997] describes rocks as 
grayish orange pink to very pale orange, weathering to knobby outcrops and strus.  Texture is 
hypidiomorphic granular with crystals 3-10 mm in diameter.  Rock consists fo quartz (40%), 
kaolinized perthitic potassium feldspr (40 %), albititze plagioclase (15%), and trace magnetite 
and biotite.  Bitotie is cvommonly altered either to chlorite or to hydromica and iron oxide.  
Contacts between granite phase and porphyry phase of grantic rocks of Las Guijas is 
gradational. Geologic unit definition source: Drewes 1997 1998 Arivaca Bartlett Mountain

Jgg

Granitic rocks of Chui Vaya
Heterogeneous, composite unit of gray and greenish-gray, orangish- or pinkish-gray-
weathering to medium-greenish-gray-weathering, coarse- to medium-grained, locally slightly 
porphyritic biotite monzogranite and hornblende quartz diorite, forming upper plate of Kim 
Kug thrust. Granite and quartz diorite are highly altered to sericite, chlorite, epidote, iron 
oxide, and other secondary minerals. In northeasternmost part of outcrop area, unit includes 
intrusions of light-gray, medium-grained, leucocratic granite. Unit is intruded, in northern part 
of outcrop area, by rhyodacite porphyry of Tinaja Spring (unit Tts) and, west-southwest of 
Chui Vaya, by rhyolite porphyry dikes related to granite of Presumido Peak (unit Tpp). Unit is 
overlain by numerous small, unmapped patches of gravel (unit Qtgu), and small, unmapped 

Jgcv

Page 26 of 31



Sells 100K geologic units
outcrops of unit may occur west of mapped contacts with gravel. Geologic unit definition 
source: Haxel et al 1982 MF 1378

Granite of Kitt Peak
Gray to dark-gray, medium- to coarse-grained, sphene-bearing hornblende-biotite and biotite 
granodiorite and monzogranite, and, less commonly, quartz monzodiorite.  Typically somewhat 
porphyritic, with potassium feldspar phenocrysts 2 to 4 cm long. Biotite is largely 
recrystallized to aggregates of small anhedral flakes. Schistose to unfoliated, lenticular, fine-
grained, biotite-rich quartz monzodioritic inclusions 5 cm to 2 m in largest dimension are 
common. Aplite and minor pegmatite dikes, some of which may be related to granite of Pan 
Tak (unit Tpt), are sparse to locally common; the more conspicuous aplite dikes are mapped as 
dash-double-dot lines.  West and south of Alhambre Wash, rock is more uniformly porphyritic 
and sphene is less conspicuous. Includes unmapped inclusions of biotite gneiss. Geologic unit 
definition source: Haxel et al 1980 MF 1251

Jgkp

Chiltepines Member, Pitoikam Formation
Drab brown, red, gray green and purplish-gray weathering nonresistant siltstone, wacke and 
subordinate mudstone or shale with interbedded brown and red pebble conglomerate and 
sparse tan arentite. Geologic unit definition source: Haxel et al 1980 MF 1251

Jpcm

Granite porphyry of Las Guijas (Jurassic)
Included by Drewes [1997] with rocks otherwise included in unit Jci in this compilation.  
Haxel [unpublished] and Keith and Theodore [1975] differentiated granitic rocks in the Las 
Guijas Mountains from other outcrop areas of porphyritic rocks associated with the Cobre 
Ridge tuff.  No description of these particular granitic rocks found. Geologic unit definition 
source: Haxel unpublished and Keith Theodore 1975

Jpg

Rhyodacite porphyry of Tinaja Spring (Early Jurassic)
In the Baboquivari Peak quadrangle:  Gray to light-brown and bluish- gray, gray-to greenish- 
brown- to yellowish- brown-weathering, finely to coarsely porphyritic intrusive rhyodacite 
porphyry which, in area between upper Yellowstone Canyon and upper Mulberry Wash, 
appears to grade into granite porphyry of Gu Chuapo (part of unit Jgc).  Phenocrysts are 
plagioclase, potassium feldspar quartz, altered biotite, magnetite, and uncommonly, garnet and 
muscovite. Groundmass is finely crystalline.  South of area of divide between Redondo Wash 
and Contreras Canyon, porphyry is commonly silicified and iron-oxide stained.  Porphyry is 
locally foliated adjacent to its contacts with Ali Molina Formation.
In the Presumido Peak Quadrangle. Medium-bluish- or purplish-gray, finely and densely 
porphyritic to locally equigranular, intrusive rhyodacite porphyry with phenocrysts of 
plagioclase, quartz, potassium feldspar, and, in some rocks, biotite and (or) magnetite, in finely 
crystalline groundmass.  Less common variety is light-gray porphyritic aplogranite. Over much 
of outcrop area, and especially near contacts with country rocks, unit is iron-oxide-stained and 
weathers light orangish or brownish red. In some areas rock is in part silicified, sericitically 
altered, and (or) highly fractured.  Rock is locally foliated near contacts.  Scattered small, 
unmapped intrusions occur in vicinity of mapped bodies. Geologic unit definition source: 
Haxel et al 1980 MF 1251

Jts

Metavolcanic rocks of Stevens Ranch
This unit includes parts of formation of Pacheco Ranch [Drewes and Cooper, 1973] mapped as 
phyllitic tuff and tuffaceous sandstone (Mzpt), and phyllitic rhyolitic volcanic rocks, including 
some welded tuff and possible intrusive rocks (Mzpr) in western Sierrita Mountains.  
Formation of Pacheco Ranch is described as light-gray metamorphosed volcanic and 
sedimentary rocks, possibly as young as the Bisbee Formation or as old as Jurassic volcanic 
rocks to the south and east. Geologic unit definition source: Drewes Cooper 1973 Western 
Sierrita

JTmv

Metasedimentary  rocks of Providencia Hill
Includes rocks mapped as Rodolfo formation (Trr), Bisbee(?) Formation (Kb), Conglomerate 
(Kc) and the conglomerate unit of the formation of Pacheco Ranch (Mzpc)  in western Sierrita 
Mountains by Drewes and Cooper [1973].  In southern part of NNW-trending deformation 
zone, rocks are relative non-metamorphosed, mapped and Rodolfo Formation, and described as 
red mudstone, siltstone, with some intercalated and basal conglomerate; some andesitic 
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volcanic rocks are present.  Pebbles in some conglomerate units are stretched. To the north and 
east apparently similar rocks are mapped as Bisbee formation, described as phyllitic siltstone, 
arkosic sandstone and conglomerate, with some red beds and limestone lentils, or as formation 
of Pacheco Ranch.  Formation of Pacheco Ranch is described as light-gray metamorphosed 
volcanic and sedimentary rocks, possibly as young as the Bisbee Formation or as old as 
Jurassic volcanic rocks to the south and east.  The unit is mapped by Drewes and Cooper 
[1973] in several sub units, some of which are included in this unit and some separated out as 
the Metavolcanic rocks of Stevens Ranch.  The  phyllitic tuffaceous conglomerate, locally with 
stretched pebbles, unit of the formation of Pacheco Ranch is included in this unit, as well as a 
thin lense of andesite (unit Mzpa) described as dark gray vesicular and amygdular andesite 
lava. Geologic unit definition source: Drewes Cooper 1973 Western Sierrita

Basal Mesozoic sedimentary rocks
Quartz-rich sandstone, quartzite cobble conglomerate, locally forms thin interval at base of 
Mesozoic section in Mineral Hill area, Waterman Mountains, and Empire Mountains Geologic 
unit definition source: Richard et al 2003 Twin Buttes

JTq

Red-bed deposits (Jurassic or Triassic)
Lower Mesozoic red beds, consiting of dark red brown, fined grained sandstone, commonly 
with interbedded quartz-rich arenites.  Includes rocks mapped as Rodolfo formation west of 
Helmet Peak, and Recreation red beds in the Tucson Mountains.  This unit is mapped where 
volcanic-lithic sandstone and welded tuff are sparse or absent. Geologic unit definition source: 
Richard et al 2003 Twin Buttes

JTr

Volcanic-lithic sandstone and conglomerate, arkose, some quartzite; 
(Jurassic or Triassic)

Volcanic-lithic to arkosic sandstone, locally with sparse interbedded quartzite and welded tuff; 
may include some interbedded red bed. Includes Recreation Red beds in the Tucson 
Mountains, and similar rocks in the south-central Silverbell Mountains and between the 
Waterman Mountains and Roskruge Mountains, and east of Helmet Peak in the eastern Sierrita 
Mountains. Probably a lateral equivalent of rocks mapped as JTr west of Helmet Peak, but 
stratigraphic relationships are not determinable. Geologic unit definition source: Richard et al 
2003 Twin Buttes

JTrs

Paleozoic strata, undivided
Undifferentiated Paleozoic carbonate and clastic rocks in structurally complex or highly altered 
areas. Geologic unit definition source: Richard et al 2003 Twin Buttes

Pzs

Paleozoic carbonate rock, undivided
Structurally complex Paleozoic carbonate rocks. Geologic unit definition source: Richard et al 
2003 Twin Buttes

Pzc

Naco Group
Epitaph Formation, Scherrer Quartizite, Concha and Rainvalley, undivided, in structurally 
complex zones. Geologic unit definition source: Richard et al 2003 Twin Buttes

Pn

Concha and Rainvalley formations, undivided
Massive to thick bedded carbonate rocks interpreted to belong to Concha and Rainvalley 
formation, generally instructurally complex zone where they can not be portrayed separately. 
Geologic unit definition source: Richard et al 2003 Twin Buttes

Prc

Scherrer, Concha, Rainvalley, undifferentiated
Undivided carbonate rocks and quartzite interpreted to belong to Scherrer, Concha and 
Rainvalley foramtion. Geologic unit definition source: Richard et al 2003 Twin Buttes

Psr

Scherrer Formation
In the Mission and Twin Buttes mine area:  Massive fine- to medium-grained quartz arenite.  
Primary sedimentary structures are very rarely preserved.  Medium- to thick-bedded dolostone, 
identical to dolostone intervals in the Epitaph and Earp formations, is present in several lenses 
within the quartzite.  A 10-20 m thick dolostone interval in the middle part of the section is 
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locally identified as the middle member of the Scherrer, but it is unclear if this is always the 
same stratigraphic unit. Includes middle dolostone unit that consists of medium-bedded, 
generally very light gray, massive to intricately laminated or cross-laminated micritic dolostone 
to silty dolostone. Geologic unit definition source: Richard et al 2003 Twin Buttes

Epitaph and Earp Formation, undivided
Calcareous quartz-rich fine-grained sandstone, some gypsum, dolostone, marly mudrock. 
Geologic unit definition source: Richard et al 2003 Twin Buttes

PPs

Epitaph formation
In the Twin Buttes and Mission Mine area: Dolostone, fine-grained sandstone, anhydrite. 
Surface outcrop in the Helmet Peak-White Hill area consists of fine-grained quartz sandstone 
with carbonate (dolomite or calcite cement), with interbedded thin to medium bedded 
dolostone. Punky gypsiferous soil is present in a few areas, and gypsum/anhydrite has been 
prospected in bulldozer cuts on the north side of the hill north of Helmet Peak. Distinguished 
from rocks mapped as Earp Formation by greater abundance of dolostone and presence of 
anhydrite in Epitaph.  Anaconda geologists divided the Epitaph Dolomite into 4 units in the 
Twin Buttes mine. Only sketchy descriptions are available. Unit 1: siltstone; Unit 2: anhydrite, 
siltstone and limestone; Unit 3: limestone; Unit 4: limestone 'over' siltstone. Geologic unit 
definition source: Richard et al 2003 Twin Buttes

Pe

Earp Formation
Interbedded quartz-rich fine-grained sandstone, dolostone, marly mudrock. Geologic unit 
definition source: Richard et al 2003 Twin Buttes

PPe

Horquilla and Escabrosa formation, undivided
Limestone, locally cherty, typically massive, light to medium gray colored.  Mapped in areas 
where Escabrosa and Horquilla can not be distinguished. Geologic unit definition source: 
Richard et al 2003 Twin Buttes

PMl

Horquilla Formation
In the Mission - Twin Buttes area. Thick-bedded to massive cherty limestone with interbedded 
silty and marly units.  Non-metamorphosed lower part of section is exposed above Escabrosa 
Limestone on hill in east-center part of quadrangle.  A metamorphosed section, apparently 
attenuated by deformation, with lower and upper contacts preserved, is present on a hill east of 
Twin Buttes, next to the Mission road (Foy Ridge).  The lower contact is placed above the 
stratigraphically highest massive coarse-grained marble of the Escabrosa Limestone in sections 
where the karst marker is not consistently present; otherwise the contact is placed at the top of 
the karst marker.  The upper contact is rarely observed, and is placed at the top of the 
stratigraphically highest thick (2 m) marble unit in an interbedded gradation into sandstone-
dominated Earp Formation. Geologic unit definition source: Richard et al 2003 Twin Buttes

Ph

Escabrosa Formation
Thick-bedded to massive light gray limestone.  Contains sparse chert in lenticular nodules up 
to 20 cm in diameter, laminated to cross-bedded crinoidal grainstone texture is rarely 
preserved.  Non-metamorphosed Escabrosa Limestone is preserved only on one hill near the 
east-central edge of the quadrangle. The upper contact is marked by the karst horizon.  The 
lower contact is not exposed. 
Escabrosa Limestone is metamorphosed to massive, very coarsely crystalline white marble that 
forms a prominent marker in metamorphosed Paleozoic limestone sections at White Hill and in 
the Twin Buttes area.  Contact with Martin marble is gradational, with interlayered white 
calcareous marble and more thinly layered fine- to medium-grained dolomitic marble.  The 
boundary was mapped at the base of the lowest thick white, coarse-grained marble layer.  The 
upper contact with Horquilla marble is gradational into thick layers of calcite marble with 
siliceous stringers.  The boundary was mapped at the top of the highest thick (~3 m) coarse-
grained marble layer.  The karst horizon at the top of the Escabrosa was observed in the Twin 
Buttes area, located about 10-15 m above the last coarse calcite marble within rock mapped as 
Horquilla marble.  Since this marker bed was only locally observed, it could not be used to 
map the contact between the units in metamorphosed sections, although it probably 
corresponds to the contact as mapped in non-metamorphosed terrane. 
Karst horizon at top consists of generally massive, dark gray fine-grained sandstone and 
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mudrock.  In the Twin Buttes area, this unit contains scattered 10-30 cm clasts of angular 
white quartz locally forming 70-80% of the rock in small lenses, which is unlike typical karst 
deposits observed at top of Escabrosa Limestone, which contain chert pebbles or rarely 
cobbles, and have limestone blocks in red-mud matrix breccias.  Anaconda geologists called 
this the Black Prince formation. Geologic unit definition source: Richard et al 2003 Twin 
Buttes

Devonian through Cambrian strata, undivided
Bolsa, Abrigo, and Martin Formations,undivided. Complexly faulted. Includes slivers of 
granitoid as well. Geologic unit definition source: Richard et al 2003 Twin Buttes

Dºu

Martin Formation
Medium- to thick-bedded, light- to medium-gray and tan dolostone. Internally the beds range 
from massive to delicately laminated or cross laminated. Bed-parallel siliceous stringers are 
present throughout. The least metamorphosed outcrops are present on the west side of the low 
hills in the center east part of the quadrangle. Fossil coral has been observed in one or more 
bedding horizons.  In more metamorphosed areas, the Martin consists of pale gray to tan, 
locally siliceous dolomite marble, with 3-12 cm thick garnet-rich zones, and white calcite 
marble. Includes tan dolomite marble with 1-2 mm garnet that varies in concentration across 
bedding and forms 5 to 25% of rock, and thick bedded siliceous dolomite marble.  Bedding is 
also defined by variations in resistance to weathering on scale of 2-20 mm across layering. 
Almost this entire rock unit is tan weathering dolomitic marble with garnet. Poorly exposed 
calc-silicate and dolomite and calcite marble, probably in thick beds, forms lower Martin 
Formation. The Martin marbles are more homogeneous than dolomitic marbles in the Permian 
part of the section, which tend to include more prominent fine-grained quartzite, and 
calcsilicate rock. Geologic unit definition source: Richard et al 2003 Twin Buttes

Dm

Bolsa and Abrigo formations, undivided
Bolsa Quartzite and Abrigo Formation,undivided. Bolsa Quartzite is medium- to thick-bedded, 
gray to brown, fine to very coarse-grained quartzite. Medium to thick bedded with locally 
preserved planar-tabular cross bedding. Bolsa Quartzite has virtually no interbedded mudrock, 
and rare mudrock partings between beds.  At the base of the unit is a thin conglomeratic 
horizon that contains 1-4 cm diameter subangular white vein-quartz clasts.  The presence of 
this unit at contacts with unit YXg is considered diagnostic of a depositional contact, 
independent of the degree of shearing along the quartzite-granite contact. Coarser grain size, 
more distinctly preserved bedding, and ubiquitous presence of feldspar distinguish unaltered 
Bolsa Quartzite from Scherrer quartzite. Silicified quartzite in the Mission-Pima mine area has 
all been called Scherrer, but the possibility remains that some of the quartzite in the mine is 
Bolsa. 
Bolsa quartzite becomes finer grained up section, and beds become thinner, grading into 
Abrigo Formation, characterized by intervals of dark-colored mudrock. On the hills along 
Helmet Peak road, east of Twin Buttes, the Abrigo includes the following:  (1) very fine-
grained, pale greenish gray sandstone, with bedding defined by variations in resistance to 
weathering and, locally, in garnet content.  Green colors due in part to secondary epidote and 
brown colors due to iron oxide staining. (2) Massive dark gray siltstone that weathers orangish 
brown, probably derived from calcareous siltstone.  (3) Medium green, greenish tan, tan, and 
brown, locally mottled fine-grained calc-silicate granofels, forming 1-3 cm thick beds that 
form recesses where interbedded with more resistant, very fine grained sandstone.  (4) Silty 
and siliceous carbonate rock. Anaconda geologists subdivided the Abrigo into a lower quartzite 
and an upper limestone unit. Geologic unit definition source: Richard et al 2003 Twin Buttes

ºba

Granite of Winthrop Road
Granite mapped as Yc by Drewes and Cooper (MF-538) in NW Sierrita Mountains. Name 
from road shown on Steven's Mountain 7.5 minute quadrangle (1982 photorevision). Rock is 
described as Greenish-gray coarse-grained and commonly coarsely porphyritic 
metagranodiorite (Drewes and Cooper, 1973). Geologic unit definition source: SMR 020706 
Rock unit edits
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Igneous complex of White Hill

Mixed complex of medium- to coarse-grained, equigranular to weakly porphyritic granite, fine-
grained dark-gray granofels, medium-grained granitoid, and diorite. Coarse-grained phase 
contains 5-10% biotite that is typically altered (“felty” texture – biotite appears as 
microcrystalline mats) so that it does not reveal reflective crystal faces when viewed with a 
hand lens. K-feldspar phenocrysts are up to 1 cm diameter in weakly porphyritic granite. The 
granitoid is massive, non-foliated to strongly foliated, but mostly the foliation is very weak. 
The dark gray granofels typically consists of biotite, chlorite, quartz, feldspar, epidote and 
actinolite. Actinolite appears to altered hornblende when present. It is generally non-foliated. 
Contacts with the coarse-grained granitoid are gradational in places, with the appearance that 
the granofels is being 'digested' and incorporated into the granitoid to produce a darker 
granitoid phase. Inclusions of the dark-gray granofels are less common in the medium-grained 
granite phase. In some areas, the dark-gray phase in the complex is fine-grained diorite or 
gabbro with a distinct igneous texture. Granite contains locally numerous, medium- to fine-
grained granite intrusions that contain <5% mafic minerals. This phase is typically lighter 
colored. It commonly forms distinct dikes cutting the coarse-grained granitoid and granofels; 
inclusions of the coarse-grained granitoid were observed in masses of the medium-grained 
phase. Dikes are generally concordant to foliation in the coarse-grained phase if any is present, 
but the dikes are non-foliated. Small bodies fine-grained diorite intrude the coarse-grained 
granite phase in a few areas. This unit has been referred to as Sierrita granite in older reports.
Granitoid that is depositionally overlain by Bolsa Quartzite on hill in center east part of 
quadrangle (UTM 498950N 3534250E) is moderately to strongly altered, but the protolith 
appears to be equigranular quartz diorite to granodiorite, containing 15-20% biotite, 60-70% 
feldspar (mostly plagioclase?), and 10-20% quartz. Biotite is chloritized, feldspar is cloudy, 
rock is weakly to strongly silicified, and grades into silicified rock (unit YXgs) to the NE.
Named for outcrops on north side of White Hill, west of Mission Mine. Geologic unit 
definition source: Richard et al 2003 Twin Buttes
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