






































Structure

The region is dominated by west- and northwest-trending, northeast-side-down normal
faults that have cut granitic rocks, the red beds and the mafic volcanic rocks. Although
displacement on these faults suggests they became active after 17.7 Ma (the date on the tuff at
Mount McDowell) it is possible that at least some were reactivated older faults, particularly in
light of the large amount of debris flows probably being shed from a nearby topographic high.
Faults reactivated during basin-formation have been observed close by near Cave Creek (Gomez,
1978) and near Sugarloaf Mountain to the northeast (Skotnicki, 1992). Indeed, although most of
the faults dip to the northeast, the fault which down-drops red beds on the south against granite
on the north dips to the southwest, forming one or more small graben between Mount McDowell
and west of McDowell Pass (Figure 6). This pattern of faulting was also observed by the author in
the Sycamore Creek area to the northeast (Skotnicki, 1992).

In the southern McDowell Mountains a northwest-trending fault displaces granitic and
metamorphic rocks. The fault itself is defined by a red, foliated zone between 5-10 meters wide,
locally partly filled with coarse-grained, grey calcite. The foliation is strong and dips between 35°-
80° to the south. Local brecciation overprints the foliation, suggesting the exposures are of the
deeper part of the fault, now exhumed. Assuming that this fault is probably Tertiary in age (due to
its orientation), this would suggest that uplift and erosion in the area was very rapid during the
late Tertiary.

Several northeast-trending faults are exposed. One, about 1.5 miles northwest of
McDowell Pass, dips to the northwest and down-drops red beds against granite on the southeast.
Another, in the western Usery Mountains dips to the southeast and appears to cut a northwest-
trending fault. A northeast-trending fault on Mount McDowell is almost vertical and appears to
down-drop tuff resting on red beds on the southeast against red beds on the northwest. Although
this fault is locally buried by younger alluvium it appears to project northeastward to the
northeast-trending fault on the east side of Arizona Dam Butte.

The bedrock structure around the confluence of the Salt and Verde Rivers is complex.
Red beds on Coon bluff dip to the west-northwest. In the river channel and just across the river to
the northeast, isolated exposures of sedimentary rocks dip to the east. To the southwest, towards
Mount McDowell, the red beds dip to the southwest. Most of the exposures are buried, but
complex faulting and possible folding in the area have probably created a weak, fractured zone
and are probably the reasons why the Verde River has since cut through the area. Shafts and
workings along the southernmost fault on Coon bluff have exposed the fault plane there. It dips to
the south yet offset in the rock units suggests the north side moved down, making this a reverse
fault.

East- and northeast-trending shear zones are well-exposed on Arizona Dam Butte and at
the west end of the Usery Mountains west of Schlechts Butte. They are characterized by highly
deformed augen gneiss and strongly lineated mylonite. Some of the zones are only 1-2 meters
wide. The largest zone is between 10-70 meters wide and displays varying degrees of foliation. In
general the middle of the zone is most strongly foliated, though to the north the northwest edge is
most strongly foliated. Epidote is abundant, and foliated quartz bands are common along the
northern edge. Kokalis (1971) recognized many epidote-rich breccia zones and coasely-crystalline
feldspar zones throughout this granitic rock. In one small outcrop, about 0.5 meters wide, west of
Schlechts Butte, a very strong foliation trending N50°W, 52°N clearly cross-cuts an older weaker
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foliation trending N65°E, 83°S. The age of the foliation is uncertain. It may be Proterozoic, or
Laramide or even Tertiary in age. Laramide mylonitic fabrics have been observed elsewhere in
shear zones, now at the surface, originally located at deep crustal levels (Haxel and others, 1984).
Apatite fission-track ages from granitic rocks east of the study area of about 51.70 £ 0.80 Ma
(Stucless and Naeser, 1972) and between 40 and 80 Ma (Foster and others, 1993) suggests that
the basement rocks around Mount McDowell also underwent relatively rapid exhumation
beginning in the Late Cretaceous. Therefore, the mylonite zones may be Laramide in age.

Mineralization

Grey, coarse-grained calcite from several centimeters up to 1-2 m thick locally (where
exposed) fills north- and northwest-trending faults. Small pits, trenches, and quarries have been
dug into some of them but besides the calcite no other mineralization was visible.

At Coon Bluff an east-west-trending, south-dipping normal fault has been extensively
mined. Deep shafts and pits, and quarries have been dug along the fault zone revealing excellent
exposures of the fault plane. On the eastern section of the fault a dark manganese stain coats
many of the clasts in the red beds and, locally, the fault plane itself. Calcite locally fills the fault
plane as well. In the west-central part of Coon Bluff 1-15 cm-thick barite veins are exposed in a
gully and are parallel to and within this fault zone.

About 1 km southeast of Coon Bluff a mine shaft at least 10 feet deep, with the head
frame still standing, was dug into foliated quartz veins within a small island of foliated
granite/quartz monzonite (map unit Ygc). The granite is very strongly foliated and lineated and
the quartz veins form a zone about 0.5 meters wide parallel to the foliation. Fractures within the
quartz are strongly stained with hematite. No other mineralization was seen. Several other
exposures of white quartz outcrop on nearby hills but no mineralization nor workings were seen
in them.

In the southern McDowell Mountains 1-10 cm-thick veins of white milky quartz and black
fiberous tourmaline, both separate and together, cut obliquely across foliation in the mafic
volcanic rocks. The dikes are only several meters long individually, and although exposures are
usually crumbly and covered by slope wash the veins appear to be widespread. Near the northwest
corner of the study area there are two prospects marked on the map. There are no prospects here.
Disection of stream terraces has left steep, isolated exposures of partially indurated sand and
gravel which resemble tailings piles.

In the far northwest corner of the study area is the Dixie Mine. A vertical shaft at least 40
feet deep was dug into metarhyolite about 50 feet north of the contact between metarhyolite and
greywacke (map units Xr and Xs). The shaft is covered with fencing but tailings reveal yellow-
stained foliated quartz and quartz serecite veins containing smaller 1-2 cm-wide veins of massive
and disseminated pyrite, chalcocite, and possibly bornite.

Geologic Hazards

A variety of potential geologic hazards may be encountered in the Fountain Hills / Mt.
McDowell area. The primary geologic hazards that may affect this area are flooding and soil

14




problems; debris flows and rockfalls present localized hazards. The general character of these
hazards and the areas that may be affected by them are considered below.

Flooding. Flood hazards of the Fountain Hills / Mt. McDowell area consist of flooding
associated with the major rivers and flooding associated with the tributary streams that flow
across the piedmonts of the area. The Verde and Salt rivers have experienced many large floods
during the past century. The largest floods on these rivers occurred in 1891, but the floods of
January and February, 1993 were nearly as large. Hazards associated with large floods on these
rivers are inundation of the channels and low terraces, and erosion of banks and lateral migration
of river channels. The channels and floodplains of the Verde and Salt rivers in the map area are
natural, without artificial bank protection. Major changes in channel position and size have
occurred in past floods (M. Pearthree and Baker, 1987; Péwé and Kenny, 1989; P. Pearthree,
unpublished data for the lower Verde River), and should be anticipated in future floods as well.

Flood hazards on piedmonts may be subdivided into (1) localized flooding along well-
defined drainages, where there is substantial topographic confinement of the wash; and (2)
widespread inundation in areas of minimal topographic confinement (i.e., active alluvial fans).
Delineation of flood-prone areas along well-defined drainages is fairly straightforward, and these
hazards may be mitigated by avoiding building in or immediately adjacent to washes. Alluvial-fan
flooding is a much more difficult problem to address because flood waters derived from mountain
drainage basins may spread widely across portions of the piedmont and positions of channels may
change drastically during floods.

Detailed maps of the surficial geology provide an excellent basis for delineating piedmont
flood hazards (Pearthree, 1991). Floods leave behind physical evidence of their occurrence in the
form of deposits. Therefore, the extent of young deposits on piedmonts is an accurate indicator of
areas that have been flooded in the past few thousand years. These are the areas that are most
likely to experience flooding in the future. Following this logic, the extent of potentially flood-
prone areas on a piedmont varies with the extent of young deposits (units Qyc and Qy).

Young alluvial deposits on piedmonts are of limited extent through most of the Fountain
Hills / Mt. McDowell area because of the long-term dissection that has affected this area.
Extensive Holocene fan deposits were found only on the northern piedmonts of the Usery
Mountains and the south side of Mt. McDowell, where broad sheets of young alluvium bury old
Salt River terrace deposits. These areas may be prone to alluvial-fan flooding. Throughout the
rest of the map area, piedmont flooding is confined to valley floors carved into older Quaternary
or late Tertiary deposits. The lower reaches of some tributaries to the Verde River have fairly
broad valley floors, however. Flood inundation in these areas may be quite extensive, and
channels may shift positions during floods.

Soil problems. Several types of soil/substrate problems may be encountered in the Fountain Hills
/ Mt. McDowell area. Soil compaction or expansion upon wetting or loading may be an important
geologic hazard in portions of the mapped area. Soil instability has caused extensive damage to
buildings in Arizona (Lacy, 1963; Murphy, 1975; Christenson et al, 1979; Péw¢ and Kenny,
1989). Changes in soil volume beneath structures may cause damage ranging from nuisance
cracks to serious structural damage. Deposits that are susceptible to changes in soil volume are
typically relatively fine-grained, young sediments. Deposits on the Fountain Hills / Mt. McDowell
area that are candidates for soil instability are the fine-grained alluvial fans of unit Qy on lower
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piedmonts. Fine-grained overbank deposits on young Salt and Verde river terraces may also have
the potential to compact upon loading. Clay-rich soils associated with the well-preserved middle
and early Pleistocene alluvial fans (units Qm and Qo) may have some potential for shrinking and
swelling during dry and wet periods, respectively. However, clay-rich horizons associated with
these surfaces are generally less than 1 m thick.

The presence of cemented caliche or petrocalcic soil horizons may impact construction
excavation and leaching potential. Calcium carbonate accumulates in soils in this desert
environment over thousands of years. Typically, the older soils in this area have strong
accumulations of calcium carbonate that form a cemented horizon in the soil. This cemented
petrocalcic horizon may be 1 meter or more in thickness, and a laminar cap of calcium carbonate
may form in the upper part of the horizon. In the map area, strongly cemented petrocalcic
horizons are associated with the ridge lines of dissected basin-fill deposits (units Tsy and Tsm),
and early and middle Pleistocene alluvial fans and terraces (units Qo and Qm) (see also,
Christenson et al, 1979). Progressively less carbonate accumulation is associated with increasingly
younger surfaces, such that QI and younger deposits have carbonate accumulations but do not

have cemented horizons.

Rockfalls and Debris flows. Rockfalls, small landslides, and debris flows are potential hazards
on and immediately adjacent to steep slopes of the McDowell and Usery mountains and Mt.
McDowell. Mass movement of material on steep slopes in this region typically is triggered by
intense or prolonged periods of precipitation (Christenson et al, 1979). Debris flows are viscous
slurries of sediment and water that may convey large boulders substantial distances downslope. In
southern and central Arizona, nearly all of the documented historical debris flows have been
restricted to mountain slopes and valleys. Rockfalls and landslides are potential hazards below
bedrock cliffs and where bedrock outcrops exist at or near the top of steep mountain hillslopes. In
these situations, large rocks that are loosened by weathering may cascade violently downhill. The
existence of large boulders near the base of a steep slope should be considered evidence of
potential rockfall hazard in most cases.
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Geologic Map Units

Mapping units described below are grouped into bedrock units, younger Tertiary
sedimentary deposits, and Quaternary surficial deposits. Quaternary are further subdivided by age
and origin. Age subdivisions of the Quaternary used in this report are Holocene (Qy; 0 to 10 ka),
late Pleistocene (QI, 10 to 250 ka); middle Pleistocene (Qm, 250 to 750 ka); and early Pleistocene
(Qo, 750 ka to 2 Ma). Surficial deposits are also divided by origin. These categories are hillslope
deposits (Qc and Qt), piedmont alluvium (no letter added; Qy, for example); and river channels
and terraces (lower case “r” added; Qyr, for example). Active channels of the major rivers and
their tributary streams are indicated by a lower case “c” at the end of the label (Qyrc and Qyec,
respectively). Piedmont deposits composed almost exclusively of granitic alluvium are indicated
by a lower case “g” at the end of the label (Qmg, for example). Where map unit boundaries are
indistinct or obscured by anthropogenic alterations, dashed lines are used.

Anthropogenic Deposits

a Agricultural fields

d Thoroughly disturbed areas where human modifications of the landscape have obscured
the surficial geology.

Hillslope Deposits

Qt Talus. Poorly sorted, angular to subangular, sand- to boulder-size clasts of basalt and
minor metamorphic rocks on very steep slopes below bedrock outcrops. Larger clasts
exhibit desert varnish. Typically grades downslope into colluvium. Exposures in trenches
immediately south of Shea Blvd. in the west-central part of the study area reveal at least 5
meters of talus strongly indurated by calcium carbonate.

Qc Colluvium. Coarse- to medium-grained, locally derived basalt and metamorphic clasts
mantling steep slopes. Deposits typically are cemented by carbonate with a lag gravel on
surface. Deposits typically are thin, but thicken downslope. Lower slopes may have
substantial clay accumulation.

Piedmont Deposits

Qyc Modern alluvium (< 100 yr). Unconsolidated sand and gravel in active stream channels.
Deposits consist of stratified, poorly to moderate sorted sands, gravels, pebbles, cobbles,
and boulders. These deposits are highly porous and permeable. Soils are generally absent.

Qy  Holocene alluvium (< 10 ka). Unconsolidated sand to small boulders reaching sizes up to

25 cm in diameter upstream but smaller and fewer downstream. Larger clasts are
metamorphic rocks and basalt. Smaller clasts are subangular granitic grus. Qy deposits are
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Ql

Qlg

characterized by stratified, poorly to moderately sorted sands, gravels, and cobbles
frequently mantled by sandy loam sediment. On this surface the main channel commonly
diverges into braided channels. Locally exhibits bar and swale topography, the bars being
typically more vegetated. Soil development is relatively weak with only slight texturally or
structurally modified B horizons and slight calcification (Stage I). Some of the older Qy
soils may contain weakly developed argillic horizons. Because surface soils are not
indurated with clay or calcium carbonate, Yal surfaces have relatively high permeability
and porosity.

Late Pleistocene alluvium (10 to 250 ka). Moderately sorted, clast-supported sandstones
and conglomerates. Most clasts are sub-rounded pebble- to cobble-sized metamorphic
rocks, particularly metarhyolite, grey quartz-rich metapelites, and white quartz, all in a tan
to brown sand and silt matrix.. QI surfaces are moderately incised by stream channels but
still contain constructional, relatively flat interfluvial surfaces with weak desert pavement
development; dark metamorphic clasts have weak varnish. QI soils typically have
moderately clay-rich, tan to red-brown argillic horizons.. QI soils contain much pedogenic
clay and some calcium carbonate, resulting relatively low infiltration rates. Thus these
surfaces favor plants that draw moisture from near the surface. QI soils typically have
Stage II calcium carbonate development.

Late Pleistocene granitic alluvium. Sandy to loamy, tan-colored sandstones and minor
conglomerates exposed in the northern part of the study area west of the Verde River. The
deposits are weakly consolidated and moderately dissected. Similar soil characteristics as
Ql deposits, but typically Qlg deposits have finer gravel clasts, infiltration is greater, and
surfaces are more eroded than equivalent QI surfaces.

Middle and late Pleistocene alluvium, undivided (10 to 750 ka).
Middle and late Pleistocene granitic alluvium, undivided (10 to 750 ka).

Middle Pleistocene alluvium (250 to 750 ka). Tan-colored, moderately consolidated to
well consolidated, clast-supported sandstones and conglomerates. Consists of subangular
pebbles, cobbles, and small boulders up to 20 cm wide, in a sand and silt matrix. Distal
deposits contain few metamorphic clasts in a tan silt and sand matrix moderately rich in
carbonate. Argillic horizons are strongly developed where original depositional surfaces
are well-preserved, but are much weaker or nonexistent on ridge slopes. Petrocalcic
horizons are common, and abundant carbonate laminae several millimeters thick are visible
in some exposures. Surfaces are moderately to highly dissected. Dissection typically is
deepest near the Salt and Verde rivers. The combination of indurated soils and moderate
to steep slopes precludes substantial surface infiltration into Qm deposits.

Middle Pleistocene granitic alluvium (250 to 750 ka). Sandy to loamy, tan-colored

sandstones and minor conglomerates exposed in the northern part of the study area west
of the Verde River. The deposits are moderately consolidated and locally weakly indurated
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Qo

by carbonate. Argillic horizons typically are weak to moderate, probably because they
have been eroded. Fairly deeply dissected.

Early Pleistocene alluvium (750 ka to 2 Ma). Relatively thin (<4 m-thick) deposits of
moderately sorted, clast-supported sandstones and conglomerates containing mostly
pebble- to cobble-size metamorphic clasts in a sand to silt granitic matrix. Qo deposits rest
on top of high levels of Tertiary basin-fill deposits. Qo soils are characterized by a
relatively thin argillic horizon (<2 m) containing dark brown soil moderately rich in clay.
Immediately underlying the argillic horizon is a petrocalcic horizon about 2 meters thick
containing abundant thin laminae of caliche. Upper surface is flat and most clasts are
varnished. '

Major River Deposits

Qycr; Active channel deposits. Unconsolidated, well-rounded, moderately sorted to poorly

Qycry

Qyr

Qyr;
Qyr;
Qlr

Qlr;
Qlr,

sorted, clast-supported sand, cobbles, and small boulders. Well-rounded cobbles 10-30 cm
dominate and are characteristically imbricated downstream. No carbonate in matrix. Little
or no vegetation.

Modern flood plain deposits (0 to 100 yrs). This surface is inundated during floods of
the Verde and Salt Rivers. It consists of a moderately sorted, well-rounded,
unconsolidated to poorly consolidated, sand, cobbles, and small boulders in recently active
channels separate from the main active channel. Also consists of sandy overbank deposits.

Holocene river terrace deposits (0 to 10 ka). Equivalent to the Lehi terrace of Péwé
(1978). Mostly unconsolidated well-rounded pebble- to cobble-sized river gravels
surrounded by a sand and minor silt matrix. Also includes overbank (finely laminated
clays, silts, and fine sands) sediments. Soil development is limited to slight organic
accumulation at the surface and some bioturbation. Qyr terraces are slightly above the
flood plains of the Verde and Salt Rivers. Exposures are mostly covered by fine silt 1-4
meters thick. Qyr surfaces along the Verde River are highly vegetated.

Younger member of the Lehi terrace. May be inundated in largest floods.

Older member of the Lehi terrace.

Late Pleistocene river terrace deposits (10 to 250 ka). Equivalent to the Blue Point
terrace of Péwé (1978). Poorly consolidated well-rounded pebble- to cobble-size river
gravels surrounded by a sand and minor silt matrix. Soil development includes moderate
clay and calcium carbonate accumulation. Downstream from Granite Reef Dam this
terrace is mostly covered by young fan deposits and crops out in isolated eposures.

Younger member of the Blue Point terrace.

Older member of the Blue Point terrace.
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Middle to Iate Pleistocene river terrace deposits (~200 to 400 ka). Equivalent to the
McDowell terrace of Péwé (1978). Well-rounded, pebble- to cobble-size river gravels
moderately indurated by caliche. Moderately strong clay and calcium carbonate
accumulation. Found on west side of the Verde River in the east-central part of the study

area.

Middle Pleistocene river terrace deposits (~400 to 750 ka). Equivalent to the Mesa
terrace of Péwé (1978). Well-rounded pebble- to cobble-size river gravels strongly
indurated by calcium carbonate. Well-developed argillic horizons where terrace surface is
well-preserved. Strongly developed petrocalcic horizons capped with carbonate laminae
locally form small resistant cliffs 1-4 meters thick below gravels. The unit forms small,
isolated, resistant, high-standing mesas capped by loose lag gravel derived from the
underlying deposit. Locally, the gravel has been removed and the petrocalcic horizon is
exposed.

Younger member of the Mesa terrace.

Older member of the Mesa terrace.

Early Pleistocene river terrace deposits (750 ka to 2 Ma). Equivalent to the Sawik
terrace of Péwé (1978). Well-rounded pebble- to cobble-size river gravels very strongly
indurated by caliche. Exposed only downstream from Granite Reef Dam, the unit forms
high, flat mesas near Sawik Mountain and smaller, isolated mesas south of Mt. McDowell.
In many places petrocalcic horizons or petrocalcic litter are exposed at the surface. Some
of these petrocalcic exposures comprise most of the surface. Clasts exhibit strong desert
varnish, and larger clasts are split and pitted. This unit includes the Lousley Hill deposits
as defined by Pope (1974) which crop out above hills of basalt-rich conglomerate (map
unit Tsm) in the north-central part of the map area.

Younger member of the Sawik terrace.

Older member of the Sawik terrace.

Younger Tertiary Deposits

Tsy

Younger sedimentary basin-fill deposits (late Tertiary). Tan-colored, horizontally
bedded, moderately sorted to poorly sorted, clast-supprted sandstones and conglomerates.
Fine-grained silt, sand and pebbles are composed mostly of subangular granitic grus.
Coarser cobbles and small boulders are mostly subangular to subrounded metamorphic
clasts and locally granite. Outcrops south of Shea Blvd. are relatively thin, and form small
isolated exposures capping hills. Here the unit is composed of about 50% sand- to
boulder-size granitic clasts and cobble-size metamorphic clasts, and about 50%
subrounded basalt cobbles to boulders with varnish. Near the south end of the McDowell
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Mountains the upper surface is locally covered with basalt clasts. Northeast of McDowell
Pass the unit contains abundant subrounded boulders of foliated and nonfoliated granite
and minor basalt. This unit everywhere is very well indurated by carbonate and forms
high-standing, resistant, rounded ridges and hills.

Middle sedimentary basin-fill deposits (late Tertiary). Very light tan to light grey,
moderately consolidated, thinly bedded, clast-supported sandstones and conglomerates.
Largest clasts are about 30 cm in diameter, but sand, gravel and small cobbles are by far
the most common. There is very little silt in the matrix. Finer-grained beds are composed
mostly of subangular granitic sand and gravel. Coarser beds contain subrounded, gravel-
to cobble-size clasts of basalt, metamorphic clasts, and granite, but basalt clasts are by far
the most common. Brown to red crystal-rich dacite clasts are also abundant. The unit
crumbles easily yet forms high-standing, rounded hills. The matrix is carbonate rich and
locally forms well-consolidated caliche laminae. Contains small lenses of silt several
centimeter to a meter or so wide, some of which appear broken and may have been
reworked into clasts.

Pemberton formation (late Tertiary). Very fine-grained, tan- to brown-colored silt.
Generally, thinly bedded with bedding planes defined by fissle partings on weathered
surfaces. Locally, silt layers are interbedded with very fine sand layers which form small
lenses tens of centimeters wide. Mud cracks are visible locally as a well as small tubular
carbonate concretions several millimeters in diameter and 1-3 cm long which may have a
biologic origin. The unit crumbles easily and forms light brown slopes. Named by Pope
(1974) as the Pemberton Silt.

Bedrock Units

Tc

Conglomerate, breccia, and sandstone (middle Tertiary). Interbedded red-colored,
matrix-supported breccia, and clast-supprted conglomerate, sandstone, and minor siltstone
and limestone, Breccia layers are matrix-supported, very-poorly sorted, weakly to non-
bedded, and contain outsized clasts up to 10 meters across, and probably represent debris
flows. Conglomerates and sandtones are locally normally graded. Locally interbedded with
and intruded by mafic volcanic rocks. Shafiqullah and others (1980) obtained a K-
Ar/whole rock age of 18.01 4+ 0.80 Ma from an ‘autobrecciated flow’ (which may be a
sill) within the red beds. They also reported an age of 18.70 + 0.44 Ma from a mafic
volcanic clast. Clasts include: medium- to coarse-grained granite/quartz monzonite
(probably from map unit Xgc); dark grey to dark brown metarhyolite (with white 1-4 mm
subhedral K-feldspar and clear rounded quartz); muscovite granite; biotite schist; white
vein quartz; banded gneiss/schist; foliated, tan to light green and brown phyllite/meta-
argillite; dark grey to black quartzite; dark grey metaconglomerate; black hornblendite;
grey welded tuff (rare); fine- to medium-grained leucogranite (possibly from map unit Yf);
granite porphyry (possibly from map unit Ti); quartz porphyry; light green quartz-
muscovite schist (probably metarhyolite); grey, quartz-rich, flow-banded rhyolite (rare,
probably Tertiary); basalt/trachyte (contains iddinsite after olivine or pyroxene,
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plagioclase, quartz, biotitethornblende altered to hematite, and zeolite); biotite
lamprophyre.

Tecl  Landslide block (middle Tertiary). Composed entirely of clasts of foliated, felsic biotite
granitoid (probably from either map unit YXg or Xgc) in a red sandy matrix. The clasts
are angular and poorly sorted, range in size from a few centimeters to about 20
centimeters across, and most are oriented such that the foliation within each individual
clast is subparallel to the foliation in all of the other clasts (N60°E, 72°E). Forms deep red,
blocky outcrops in T. 3 N., R. 6 E,, section 21. Best exposures are immediately north of

the water tank.

Tts  Ash-flow tuff (middle Tertiary). Non-welded yellow to red-pink tuff containing about 1-
2%,1-2 mm anhedral phenocrysts of quartz, biotite and possibly plagioclase. Contains
angular to subrounded sand- to pebble-size fragments of dark brown-grey crystal-poor
banded rhyolite, moderately crystal-rich grey-brown rhyodacite, abundant yellow and grey
pumice, and less abundant Proterozoic rocks including granite and metamorphic rocks.
The tuff is interbedded with conglomerate (map unit Tc) and is exposed in three areas; at
Coon Bluff, on the east and south sides of Mount McDowell, and between Sawik
Mountain and Apache Peak. It is thickest on the east side of Mt. McDowell where it
reaches 300 feet or more in thickness. At Coon Bluff the tuff varies between zero and
about 200 feet thick. Near Sawik Muntain the unit is nly about 50-75 feet thick. A
sanadine K-Ar age of 17.71 + 0.43 Ma was obtained from exposures at Mount McDowell

(Shafiqullah et al., 1980).

Tt Bedded tuff (middle Tertiary). Yellow to light tan bedded tuff locally containing sand-
to pebble-size clasts of mafic volcanic rocks. Exposed only in two places; north of Shea
Blvd. in T. 3. N, R. 6 E,, section 29, and about 1/4 mile immediately west of McDowell
Pass. North of Shea Blvd. the tuff is well indurated and occurs within mafic volcanic rock
(map unit Tm). West of McDowell Pass the tuff is crumbly and poorly exposed, and is
probably near the base of the conglomerate (map unit Tc).

Tm  Mafic volcanic rocks (middle Tertiary). Dark to medium grey fine-grained volcanic
rocks containing 1-3 mm nonhedral to subhedral phenocrysts of olivine and/or pyroxene
mostly altered to iddingsite, clear quartz, and various amounts of biotite and/or
hornblende in a dark aphanitic matrix. The abundance and occurance of phenocryst types
is quite variable between outcrops. A few contain almost exclusively olivine and/or
pyroxene. Some contain all four phases. Most contain at least olivine and/or pyroxene and
quartz. Several outcrops are clearly intrusive and others are clearly depositional. Some
exposures are both and for others it is not clear. Therefore all of these rocks were mapped
together. Generally, this unit forms resistant knobs and hills, though locally the rock is
crumbly. The dikes also contain quartz.

Tme Coarse-grained mafic volcanic rocks (middle Tertiary). Crystal-rich rock containing

very abundant 1-5 mm phenocrysts of light grey subhedral plagioclase, clear rounded
quartz, and less abundant iddingsite after olivine or pyroxene, in a dark blue-grey matrix.
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The phenocrysts compose about 50-60% of the rock. Forms blocky, resistant ridges in the
west-central part of the study area.

Felsic hypabissal intrusive rock (middle Tertiary). Crystal-rich rock containing 1-10
mm subhedral phenocrysts of abundant white feldspar, clear rounded quartz, small
subhedral to euhedral biotite up to 2 mm wide, and rare hornblende laths up to 1.5 cm
long--all in a light pink to tan matrix. Fresh surfaces are light pink-grey. Weathered
surfaces are light tan. Exposed in a few small hills south of Coon Bluff and in the steep
bank immediately north of Granite Reef Dam.

Nonfoliated felsic granitoid (Cretaceous or late Proterozoic). Medium- to fine-grained
leucocratic granite containing 1-5 mm phenocrysts of pink K-feldspar, grey to pale yellow
clear quartz, less abundant grey plagioclase, and biotite. The biotite is in most places a
silvery color and locally may be muscovite. Equigranular to slightly K-feldspar porphyritic.
The rock is light pink on fresh surfaces and light tan on weathered surfaces. It forms
resistant knobs and dikes immediately east of McDowell Pass. The unit is nowhere
foliated, appears fresh, and intrudes a more mafic, medium-grained granitoid (map unit
Xgc). Intrusive contacts are well-exposed in road cuts of State Route 87 at McDowell
Pass. Locally, epidote is abundant along intrusive contact. The unit is cut by 2-5 cm-wide
aplite viens and white quartz veins. Although a sample was probably taken from this
granite to obtain a date at 1,395 + 0.45 Ma (Stuckless and Naeser, 1972), the
investigators lumped this sample (sample 8145) with a granitic rock near Apache Lake
(sample AP-202) in order to determine the Rb-Sr isochron. The composition of this single
sample indicates that it could not be older than about 1,400 Ma because that would
require an Sr*’/Sr* initial ratio of less than 0.700, and it could not be younger than about
1,340 Ma because that would require an initial Sr*’/Sr* ratio of greater than about
0.7110. Field work by this author suggests that these two plutons were not co-genetic.
Therefore the analyzed sample of the granite near Arizona Dam Butte does not
significantly constrain its age. This pluton is very fresh-looking and probably
peraluminous.

Hornblendite (middle or late Proterozoic). Very coarse- to medium-grained. Contains
1-20 mm anhedral dark grey green to black amphibole phenocrysts, with less abundant,
fine-grained anhedral to subhedral clear to light grey plagioclase. Exposed only in small
outcrops at the southeastern-most end of the McDowell Mountains where it grades from
coarse-grained in the southeast to finer-grained to the northwest of the exposures.

YXgm Mafic granitoid (middle or late Proterozoic). Medium-grained, equigranular quartz

monzonite containing 1-5 mm phenocrysts of subhedral white feldspar (probably
plagioclase), about 2% grey milky quartz, and abundant dark green clumps of biotite.
Dark grey-green on fresh and weathered surfaces. Does not appear foliated. Forms lens-
like bodies within map unit YXg and probably intrudes it.

Felsic Granitoid (middle or late Proterozoic). Medium-grained to coarse-grained,
leucocratic, K-fedspar porphyritic granite to quartz monzonite containing phenocrysts of
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subhedral white plagioclase, 1-4 mm black to dark green felty masses of biotite, grey to
slightly pink 1-2 cm subhedral K-feldspar, and about 2-5% milky grey quartz. Less than
2% of the unit is foliated (estimated). Forms resistant, boulder-covered hills and ridges at
the southeastern end of the McDowell Mountains. The rock is locally fresh and contains
pink K-feldspar phenocrysts, but most weathered surfaces crumble easily into sandy grus.
Resembles the Ruin Granite near Globe.

Medium to coarse-grained granitoid (late Proterozoic). Dark steel grey mostly
medium-grained granite/quartz monzonite containing 1-10 mm wide subhedral
phenocrysts of white plagioclase, abundant dark green felty masses of biotite, grey to light
pink K-feldspar, and about 5%-10% milky grey quartz. The rock is locally K-feldspar
porphyritic, with K-feldspar phenocrysts up to 15-20 mm across. Large green-yellow
sphene crystals are locally visible in hand samples. Locally, the rock is very strongly
foliated and lineated, and is mylonitic. In most areas the rock contains rounded, 2-20 cm
wide xenoliths of fine-grained, dark green amphibole(?)-feldspar-quartz-biotite. This
granitoid forms steep, resistant, boulder-covered hills at Arizona Dam Butte and the west
end of the Usery and Goldfield Mountains. Where foliated the rock is less resistant and
forms low hills. Although this rock has been compared to the Ruin Granite to the east, the
two are mineralogically different.

Fine-grained granite (middle Proterozoic). Contains 1-5 mm phenocrysts of light grey
feldspar, milky-grey quartz, and minor biotite and muscovite in a very fine-grained pale
grey, sugary matrix. In the southern end of the McDowell Mountains the rock is weakly to
strongly foliated and resembles metarhyolite. Slightly farther to the north the lighter
nonfoliated to weakly foliated granite clearly intrudes darker strongly foliated and lineated
metarhyolite. At the southeastern end of the McDowell Mountains the fine-grained granite
is complexely intertwined with the coarser-grained granite (map unit Yxg). It is not clear

which is older.

Foliated felsic granitoid (middle Proterozoic). Fine- to medium-grained leucocratic
granite containing 1-5 mm phenocrysts of pink K-feldspar, grey to pale yellow clear
quartz, less abundant grey plagioclase, and biotite. Foiation is defined by alignment of
biotite cystals. The rock is light pink in color and resembles map unit KXf except that it is
foliated.It may represent an earlier intrusion related to the KXg unit or it may be related to
one of the other felsic granitoids (map units Xgf, YXg)The only mapped exposures are in
contact with KXf near McDowell Pass.

Metamorphic Rocks
(These rocks probably belong to the Union Hills Group)

Mafic volcanic rocks (middle Proterozoic). Dark grey-green, fine-grained biotite-
amphibole schist containing 1-3 mm anhedral black amphibole porphyroblasts. Generally,
the unit is strongly to moderately foliated. In areas that are only weakly foliated or
nonfoliated (particularly in T. 3 N., R. 6 E., section 6) subhedral, light grey plagioclase
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laths are abundant. As mapped, this unit also contains fairly extensive zones that resemble
interbedded tuffs. The zones contain poorly to moderately sorted, 1-10 cm angular
fragments of banded to massive, fine-grained, light grey felsic volcanic rocks in a grey-
green matrix. Pumice clasts are locally altered to muscovitetepidote. Dark green lenticular
biotite clots resemble fiamme. It is difficult to tell if the foliation visible is tectonic in origin
or relict eutaxitic foliation (NS0°E, 66°N). In other areas the amphibolie-biotite schist is
interleaved with thin 1-2 m-thick bands of light grey quartz-muscovite-biotite schist,
which contain porphyroblasts of hematite after magnetite(?), and may have once been
interbedded tuffs or thin felsic flows. Locally, white quartz veins and dark quartz-
tourmaline veins several centimeters thick cross-cut the foliation.

Rhyolite (middle Proterozoic). Fine-grained, light grey to pink, quartz-sericite schist.
Generally contains very small (<1mm) anhedral phencrysts of grey feldspar and quartz.
Locally, the rock contains crystals of feldspar and milky quartz up to 4 mm wide and
contains elongate lenses of fine-grained biotite with their long axes parallel to foliation. 1-
3 mm wide magnetite porphyroblasts have been altered to hematite. Locally small (<2
mm) pyrope garnet porphyroblasts are visible. Locally contains 2-12 mm-long lenses
altered to epidote (pumice?).Strongly foliated. Forms resistant, light-colored ridges in the
northwest corner of the study area.

Greywacke (middle Proterozoic). Fine-grained, light to medium silvery grey biotite-
muscovite-quartz schist. Strongly foliated. Preferentially breaks into plates which crumble
easily and have a gritty texture. Some surfaces have a pale rusty stain. The rock locally
contains more massive zones containing 1-4 mm light grey feldspar and biotite crystals in a
medium grey, siliceous aphanitic matrix. The zones may heve been interbedded felsic-to-
intermediate volcanic flows or tuffs. The biotite-muscovite schist also contains very
locallized lenses of dark amphibolite which may have been sills or later intrusions.

Quartzite (middle Proterozoic). Light pink and grey clean quartzite. Mapped as two
small outcrops in the northwestern part of the study area and outcrops elswhere in map
unit Xvm as rare, very thin and localized lenses, usually associated with thin lenses of

muscovite-serecite schist.




